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To guide you thru a maze of 
construction problems . .. . 


ACI Book of Standards 


A collection of current ACI standards, recommended 
practices and specifications ...... 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 
Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46) 
Recommended practices— 
Use of Metal Supports for Reinforcement (ACI 319-42) 
Measuring, Mixing and Placing Concrete (ACI 614-42) 
Design of Concrete Mixes (ACI 613-44) 
Construction of Concrete Farm Silos (ACI 714-46) 
Winter Concreting Methods (ACI 604-48) 
Application of Cement Paint (ACI 616-49) 


and specifications— 
Concrete Pavements and Bases (ACI 617-44) 
Cast Stone (ACI 704-44) 


Periodically revised to include the latest ACI standards 


ACI Book of Standards (1949) . . . . SB 
to ACI Members, $1.50 


AMERICAN CONCRETE INSTITUTE 18263 W. McNichols Rd. Detroit 19, Mich. 
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On the Cover—The dominant archi- 
tectural interest of the new Portland 
Teamster building, Portland, Ore., is 
the main entrance featuring a back- 
ground of vertical corrugated concrete 
upon which are set ribbon type alumi- 
num letters and a precast sculptured 
bas-relief of the Teamster's emblem. 
The corrugated panel weighs about 
one ton and was cast of especially 
fine aggregate concrete after molding 
in clay. 
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The 1950 ACI con- 
sisting of Harmer E. Davis, chairman, J. F. Barbee, 
Robert F. Blanks, Herbert J. Gilkey, G. L. Lind- 
say, Harmon 8. Stanton Walker and 
Kenneth B. Woods, reports the following nomina- 


Nominating Committee, 


Meissner, 


tions for election at the 47th annual convention in 
San Francisco: 
For President 

Harry F. Thomson to succeed Frank H. Jackson 
for a one-year term beginning at the February 1951 
convention. 

Mr. 


Division, 


Yedi- Mix 


Material Service Corp., Chicago, 


Thomson, Concrete 


Il., 


has been prominently connected with the ready- 


Manager, 


mixed concrete industry for many years, and has 
been active in ACI affairs since 1928. He 
elected to the ACI Board of Direction in 

serving until 1940. He Director-at-Large, 
1942-47, Director, 1948, and elected Vice-President 
in 1949. member of the Publications 
Committee, 1940-41, and has served on numerous 
other ACI committees; 


was 
1939, 


was 
He was a 


he is the author of several 
JOURNAL papers as well as articles in other technical 
publications. 

After graduating from Washington University 
in 1910, Mr. 
researth worker at the Massachusetts Institute of 
Technology for 4 years. He 
with the 


cessively as assistant 


Thomson served as instructor and 


then became asso- 
Chemical Works, suc- 
superintendent, Eastern 
manager in New York City, sales manager, and 
(from 1920-24) vice-president. In 1924 he joined 
the Federal Phosphorous Co. as executive assistant 


ciated Provident 


In 1927 Mr. Thomson became vice-president of 
the General Material Corp. of St. Louis, one of the 
pioneer companies in producing commercial ready- 
mixed concrete. He continued with that company 
as vice-president and subsequently as president until 
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1948 when he was retained by Material 
Service Corp. te be in over-all charge of their 
extensive ready-mixed concrete service in the 


Chicago area. 


Mr. Thomson has served as president of 
the National Ready Mixed Concrete Assn. 
and is a former national director of A.S.C.E. 


For Vice-President 


Henry L. Kennedy for 2-year term, be- 
ginning at the February 1951 convention. 


The author of several papers in the ACI 
JouRNAL, Mr. Kennedy has been associated 
with the Institute since 1934. He is a mem- 
ber of Committee 115, Research, and Com- 
mittee 613, Recommended Practice for the 
Design of Concrete Mixes; he has also been 
active in administrative work, being a mem- 
ber of the Board of Direction, 1944-49. 


He is Manager of the Cement Division 
Dewey and Almy Chemical Co., Cambridge, 
Mass., and as a consulting engineer he has 
specialized in reinforced concrete design and 
construction in the United States, Canada, 
Germany and England. Mr. Kennedy was 
for 10 years head of the construction course 
at Wentworth Institute, specializing in con- 
erete instruction, and helped organize and 
direct the course in concrete technology at 
the Harvard Graduate School of Engineering. 


A. T. Goldbeck, Engineering Director, 
National Crushed Stone Assn., Washington, 
D. C., elected for a 2-year term as_ vice- 
president at the 1950 convention in Chicago 
continues in that office. 


Directors 

For Directors, 3-year terms, four nomina- 
tions for as many places on the Board: 
FRANK Kerekes, G. L. Linpsay, I. E. 
Morris and Warrer H. Price. 


Dean KerekeEs, Assistant Dean of Engi- 
neering, Iowa State College, Ames, Ia., a 
member of TAC since 1948, is also active on 
Committee 315, Detailing Reinforced Con- 
crete Structures, and 318, Standard Building 
Code. An ACI Member since 1938, he is also 
active in many other engineering and educa- 
tional organizations besides being chairman 
of the Iowa Building Code Council. 
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Mr. Linpsay, Director of Tests and Re- 
search, Universal Atlas Cement Co., New 
York City, has been an ACI Member since 
1929. Upon graduation from the University 
of Minnesota in chemical engineering in 1921 
he joined the company as a chemist at 
Duluth and in 1925 moved to the office at 
Chicago where he successively served as 
engineer, inspection bureau, and engineet 
of tests. He was assistant director of tests 
and research and was appointed to his present 
position in 1944. 


Mr. Morris, a member of Committee 318, 
Standard Building Code, has been an ACI 
Member since 1947, and is a consulting en- 
gineer in Atlanta, Ga. For 8 years he was 
chief engineer of the reinforcing steel depart- 
ment of Connors Steel Co., Birmingham, 
Ala. In 1938 he entered private structural 
engineering practice and in 1944 organized 
the firm of I. E. Morris and Associates, en- 
gineers and consultants. Mr. Morris is a 
member of A.S.C.E., N.S.P.E. and the 


Georiga Engineering Society. 


Mr. Price, Head of Materials Laboratory, 
U. 8. Bureau of Reclamation, Denver, Colo., 
is chairman of two ACI committees—Com- 
mittee 210, Resistance to Erosion in Hy- 
draulic Structures, Committee 613, Ree- 
ommended Practice for the Design of Con- 
crete Mixes. An ACI Member since 1937, 
he is also the author of numerous JouRNAL 
papers. He has been with the Bureau since 
1930, the past 15 years in materials testing 


and research on large conerete structures. 


Nominating Committee 

The 20 candidates for membership on the 
1951 Nominating Committee—five to be 
elected—are: 


Watpo G. Bowman W. C. Hanna 


toy W. CaRLson FreD HuBBaRD 


S. J. CHAMBERLIN J. W. Ketiy 
Mites N. Ciatr Wintuiam Lercu 
H. F. CLeMMER F. V. REAGEL 


Hersert K. Cook  T. E. Sranton 
toy W. Crim Byram W. STEELE 
tayMOND KE. Davis <A. G. Timms 
JoserH D1 Srasto BaiLEY TREMPER 


Joun R. Dwyer CHARLES 8S. WHITNEY 
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Se you'ne going te San Yrancisce? 
San Francisco-Oakland Bay Bridge 


San Francisco, depicted as one of the few “skyline” cities of the nation, is situated on the 


slopes of numerous rolling hills at the tip of a peninsula bounded on three sides by the waters 
of the San Francisco Bay, the Golden Gate and the Pacifie Ocean. 

As seen from the air, San Francisco is the center of a great pendant with one thread leading 
eastward over San Francisco Bay, the other northward high above the Golden Gate. These 
connecting threads are actually mammoth bridges—the world’s two largest—tying together 
the San Francisco Peninsula with the East Bay area in one direction and Marin Peninsula 
in the other. 

The San Francisco-Oakland Bay Bridge, the world’s longest and a link in U. 8. Highways 
No. 40 and 50, is a monument to combined engineering genius and mechanical skill. 

The bridge project from the San Francisco terminal to the Oakland terminal, end to end of 
approaches, is 814 mi. The bridge proper, including island crossing, is approximately 4!4 mi 
long and spans approximately 12,000 ft of navigable water. 

The structure over the west channel is made up of two complete suspension bridges, with a 
central anchorage about in the middle of the west channel. The two main spans of the center 
suspension are 2310 ft each and the side spans 1160 ft. Vertical clearance ranges between 
200 and 218 ft above the surface of low water. The towers of the suspension bridge are 474 
and 519 ft above water. 

The largest vehicular tunnel in the world, through Yerba Buena Island, connects the struc- 
tures over the west and east channels. The bore is 76 ft wide, 58 ft high and 540 ft long. The 
structure over the east channel consists of one main cantilever span of 1400 ft with two 510-ft 
anchor arms. East of the cantilever span there are five truss spans, each 509 ft long. 

The foundations of the bridge extend to the greatest depth below water of any ever before 
constructed by man, one pier being sunk 235 ft below water, another about 200 ft, and several 
others ranging from 105 to 180 ft. 

Cables are 2834 in. in diameter, containing 17,464 wires—a total of 70,815 miles, or enough 
to encircle the earth nearly three times. 

The concrete and reinforcing steel in the bridge is sufficient to rebuild all the large offic 
buildings of downtown San Francisco. The timber, 30,000,000 bd ft, would build 3000 five- 
room dwellings or the residential section of a town of 15,000 population. Each individual 
tower of the bridge, standing more than 700 ft high from base of pier on the floor of the bay 
to its top, represents a construction job comparable to a 60-story skyscraper. 

If you haven’t seen it before, the San Franciseo-Oakland Bay Bridge is a must on your 
convention itinerary. 
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WHAT “Concrete Nuts’? 


It came in an interval of transition between scheduled ACI program 
items—chair scraping, posture shifting, applause doing its perfunctory 
best to put the speaker, too, at his ease. The much loved and highly 
respected ACI’er eased himself graciously into comfortable casualness; 
made quick work of flinging out a short bridge to span the well-known 
chasm dividing speaker and listeners—three words: “we concrete 
nuts’; nothing malicious, no pointing fingers of accusation; nothing, 
I am sure, but fraternal warmth. 

Such was a minor incident bolstering the old thought that ACI re- 
going our way.” On many occa- 


define itself as a fraternily of interests “ 


sions these interests are virtually parallel; at others, divergent in special 
directions. Yet from most of these divergencies come definite contribu- 
tions fitting a broadly charted course. 

Here and there a “nut”? appears, perhaps from a too concentrated 
specialization. He rides his hobby so hard that he sees other riders 
only as blurred images. 

The implications of these thoughts are pointed up in staff minds from 
at least two major and from many minor projects. 

Where is this Institute going? The question is asked 
here as freshly as though we hadn’t been “going’’ for 
15 years; as though we had not stated our objects in 
our Charter. What is to fix those objectives? 

What is to fix them, indeed, except such a synthesis of least common 
denominators of interest and curiosity as thrive among more than 5000 
individuals who wish to make knowledge their own keys to the solutions 
of their individual problems. 

We know that with some preliminary assists from the original en- 
trepreneurs of organization, ACI came into being in response to a need 
for more and more information about concrete as a means of SOLVING 
PROBLEMS of CONSTRUCTION; to that all lanes of thought lead. 
The National Association of Cement Users might almost be said to 
have occurred spontaneously 45 years ago from that need. 

Questions became a bit more articulate and more differentiated by 
the time NACU became ACI. Who wanted to know what, and why? 
That differentiation is now more acute. 

Through the Institute’s membership classification project, ACI may 
adjust its direction. Classification, after several years of labor, is at a 
stage nearing emergence, significantly we hope. It should help to tell 
us what individuals, agencies, professions, industrial and other allies in 
construction activities, are finding it advantagéous to be identified with 
ACI as a source of what dues-payers think they want. 

















NEWS LETTER 








Incidentally, but very critically as budget time approaches, the 


question arises: what apportionment of dues and other assists will best 
serve and satisfy the membership. Dancers pay fiddlers. 

The classification (so far more than 80 percent of ACI’s Members in 
continental United States) is shaping up, indicating major and minor 
activities which prompt the questions laid at our door. 

First to emerge is the picture of a large segment (de- 
voted to the perfection of concrete) of a very large in- 
dustry. Our segment embraces those who are important 
parts of the business of concrete construction; not only 
practice of design and the techniques of design inquiry, 
but the suppliers of materials, tools and equipment 
and men and brains with capacity to organize these as 
working forces of the CONSTRUCTION INDUSTRY. 

In the broad strokes of a general view much detail will be obscure. A 
hundred specializations of fact and action are enveloped in the picture: 
those who direct and-those who accomplish the tasks of testing, those 
who tell us what materials will ‘take’? in punishment and by the same 
values what they will “give” in service to civilization. 

The emerging ACI “census” of its members by jobs, by interests, 
by the very allegiances of employment, will not clearly show in group 
tabulation what we do clearly see: 

There is a dual existence of competition and coopera- 
tion in both knowing and doing, among students and 
among their instructors, among the institutions which 
give them haven; among the constructors who file 
competitive bids and develop and use the techniques 
which are especially theirs, and among the designers who 
work out the drawings on which bids are taken; among 
the producers of tools, equipment and materials; among 
highly specialized and contributing thought down the 
winding lanes of basic science and its practice—those 
called nuts sometimes win blue ribbons on eccentricities; 
and that, too, both within the Institute and between the 
Institute and other organizations going different but 
similar ways there are like forces of health in cooperation 
and competition toward the evolution of structures to 
serve us in living and in working toward better ways. 
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Members 





ACl—like the “horseless carriage’ — is 
here to stay 


Evidently one new member has put a lot of 
thought into joining ACI, but finally decided 
that the Institute was here to slay. Institute 
headquarters recently received from Boston, 
Mass., a membership application form printed 
in 1928. 

This doesn't mean 
getting things done 
nembers reside there. 
the new member and assure him that 
indeed here to stay and still growing 

(Total of new members in August was 47, 
so evidently others also agree with the 


Boston member.) 


Alabama 
MeLemore, Richard Henry, (Indiv.) 536 5 
Lawrence St., Montgomery, Ala. 


Bostonians are slow in 
some of ACI’s most active 
We're glad to welcome 


ACI i 


Arizona 
Jobuseh, Fred Henry, (Indiv.) 650 N. Sixth 
Ave., Tucson, Ariz. 


Arkansas 
Indiv.) 314 Engineer- 
University of Arkansas, Favette- 


Bissett, James Robert, 
ing Bldg., 


ville, Ark. 


California 

sailly, Florent H., (Indiv.) 709 5S. Fair Oaks 
Ave., Pasadena 2, Calif. 

Bresler, B., (indiv.) 303 
terials) Lab., University of 
Berkeley 4, Calif. 

Mldridge, Robert A., (indiv.) 1709 Oak 
Manhattan Beach, Calif. 

Moran, Donald F., (Indiv.) Pacific Fire Rat- 
ing Bureau, 548 3S. Spring St., Los Angeles 
13, Calif. 

Olsen, Homer J., Jr.) 1018 W. Cypress St., 
San Dimas, Calif. 

Replogle, William H., (Indiv.) 1732 5th Ave., 
Apt. No. 4, San Diego 1, Calif. 


Engineering Ma- 
California, 


Ave., 


Colorado 

Bliss, Major G., (Indiv.) 2590 8. 
Denver 10, Colo. 

Gilliland, John L. Jr., (Indiv.) Bureau of 
feclamation, Denver Federal Center, Den- 
ver, Colo. 


Fillmore, 


District of Columbia 

Finglass, William (Indiv.) ¢/o American Con- 
struction Co., Inc., 261 Constitution Ave., 
N. W., Washington 1, D. C. 


Florida 
Shartle, J. Herbert, (Indiv.) 4413 8. W. 13 
Ter., Miami 34, Fla. 


Idaho 
Linton, Donald, 


tello, Idaho 


(Indiv.) RFD No. 2, Poca- 


Illinois 

all, Arthur L. Jr., 
ville, Tl. 

Bykowsky, Nicholas, (St.) 12217 S. 
Ave., Chicago 28, Il. 


(Jr.) Box 498, Liberty- 


Normal 


Indiana 
Horne, IE. 8., (Indiv.) Ready Mixed Concrete 
Corp., 1100 Burdeal Parkway  Blvd., 


Indianapolis 8, Ind. 
Trutschel, Henry, (St.) 301A Victory Lane, 
Angola, Ind. 


Michigan 

Maznetf, Karl I., (Indiv.) 16877 Stout, 
Detroit 19, Mich. 

Ranney, Charles C., (Indiv.) 1305 Bronx 


Ave., Kalamazoo, Mich. 


Minnesota 

Hill, Hibbert, (Indiv.) ¢/o Northern States 
Power Co., 15 5. 5th St., Minneapolis 2, 
Minn. 

Mississippi 


Marable, James Rose, (Jr.) 1905 Clay St., 


Vicksburg, Miss. 
New York 


Kirchner, Norman F., 
Buffalo 8 N.Y. 

Laneaster, G. Graham, (Indiv.) Orinoco 
Mining Co., Room 1401, 25 Broad St., New 
York, N. Y. 

Lepaluk, Miroslaus, (Indiv.) 254 I. 3rd St., 
New York 9, N. Y. 

Packer, George, (Indiv.) 31-63 30th St., Long 
Island City 6, N.Y. 

Ohio 

Steinmann, William N., (Indiv.) Route No. 

5, Box 42-M, Poage Farm Road, Cin- 

cinnati 15, Ohio 


(St.) 29 Wohlers Ave., 


Tennessee 

Stottlemyer, Paul Clinton, (Indiv.) Room 415, 
Union Bldg., Tenn. Valley Authority, 
Knoxville, Tenn. 


Texas 

Harris, Robert 8., (St.) 1408A Brackenridge 
\pts., Austin, Texas 

Sutton, James L., (St.) Unit 281, Oak Grove 
Cts., Austin 5, Texas 

Virginia 

MecGaughy, John B., (Indiv.) 700 Front 5t., 
Norfolk 7, Va. 


Continued on p. 23 














NEWS LETTER 


Darex AEA 


is a catalyzed air entraining agent, 
specifically formulated for making air 
entrained concrete. 


Darex AEA 


is being used in all types of concrete 
work, all over the world. 

Distribution warehouse stocks are con- 
veniently located throughout North and 
South America and in most foreign 
countries. 





The Conemaugh Dam near Pittsburgh is part of the Ohio 

, River Basin flood control program. Darex AEA is used in the 
1,090 ft. concrete structure to improve workability, increase 
resistance to freezing and thawing. Photo courtesy U. S. 
Army Corps of Engineers, Pittsburgh District. 


DEWEY ano ALMY CHEMICAL COMPANY 
CAMBRIDGE 40, MASSACHUSETTS 
CHICAGO 38 MONTREAL 32 


REG. U.S. PAT OFF 


DAREX 


10 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1950 


SAND IS CHEAPER 





Pictures Used through Courtesy U. S. Corps of Engineers. 


The rock wall illustrated above, exposed by excavation for the 
navigation lock, shows the penetration and distribution of Intru- 
sion Grout throughout the Tampa limestone substructure. The 
black coloring matter used in the grout is easily recognized in 
this unretouched photo. 


Large cavities and solution channels filled solidly with 
lL Intrusion Grout which has penetrated all irregularities and 
solidly plugged these voids. 


> Lateral cracks and solution channels are completely filled 
® and effectively prevent inflow of water. 


Pictures tell better than words the success of the Intrusion sand- 
grouting operation at Jim Woodruff Dam, Chattahoochee, Florida. 

The difficult unwatering problem in excavating for the navi- 
gation lock was solved by a solid grout curtain placed in the 
porous Tampa limestone under the cofferdam. This curtain re- 
duced inflow of water into the excavation to a point where it 





NEWS LETTER 11 


THAN CE 


could be economically controlled by 
pumping. 

The excavation for the navigation locks 
was located within 300 feet of the river 
bank and had a depth of 30 feet below the 
normal river level. 

Exploratory holes, pumping, and other 
tests proved that dewatering of the excava- 
tion by pumping would be extremely costly. 

The grout curtain was installed by 
drilling 242” grout holes approximately 15 
feet deep and 10 feet apart (in lineal fash- 
ion) across the effective areas, then pump- 
ing Intrustion Grout down into the rock 
substructure under 1 p.s.i. per foot of 
depth. The Intrusion Grout mixture con- 
sisted of (1) water, (2) Intrusion Aid, (3) 
Alfesil, (4) cement, (5) sand, and (6) lamp- 
black coloring for easy identification of 
grout. As distinguished from neat grout, the 
sand mixtures used ran as high as ten cubic 
feet of sand per bag of Portland cement. 

The size of this grouting operation is 
indicated by the fact that 152,020 cu. ft. 
of Intrusion Grout were placed in 2,824 


lin. ft. of grout curtain. ‘ 
The inflow of water under the cofferdam 
was effectively checked in spite of river a No > 








Showing part of grouting procedure 
—setting grout riser through a hole 
puncher. 





level increases as high as 10 ft. ey a a oe | 4 
The cost of the entire project was con- we << oe 
siderably lowered by the use of Intrusion ae a - 
Grout and Intrusion methods, the greater ° St nl 
part of this savings being made possible . £< . “ : 
by the low cement and high sand percent- s 4 
ages used in the Intrusion Grout. 
Intrusion-Prepakt engineers will be glad e ° 
to show you, without cost or obligation, : ; 
the advantages of Intrusion-Prepakt meth- General view of lock excavation, 
ods and materials as applied to your spe- showing how effectively grout cur- 
cific problem. tain has stopped inflow of water. 


PREPAKT MAINTAINS A QUALIFIED DESIGN AND SUPERVISORY 
SERVICE PLUS A COMPLETE CONSTRUCTION ORGANIZATION 


CONTRACTORS SPECIAL 
ENGINEERS SERVICES 








INTRUSION-PREPAKT, INC. THE PREPAKT CONCRETE CO. 
CHICAGO + TORONTO CLEVELAND 14, OHIO _ SEATTLE + PHILADELPHIA 








ZURICH - PARIS - MADRID - STOCKHOLM - HELSINKI - WIESBADEN 
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Positions and Projects — ACI Memlers 





Concrete chimney specifications 
of ACI Committee 505, 
forced Concrete Chimneys, ‘“Tentative Speci- 


The report tein- 
fication for the Design and Construction of 
teinforced Concrete Chimneys (505-36T),” 
has been reprinted by the Institute due to 
authoritative ref- 
The 
report was adopted as a tentative standard 
(505-36T) at the 32nd Annual 
Convention in Chicago, Feb. 25, 1936. The 
report is available from ACI headquarters at 
$1.50 per copy, $1.00 to ACL Members. 


the large demand for an 


erence on such construction. $4-page 


Institute’s 


Miles Clair named president of 

Thompson and Lichtner Co. 
Miles N. 

crete engineering and active in ACT techni- 


Clair, nationally known in con- 
cal and administrative committees, has been 
named president of the Thompson and 
Lichtner Co.,. Inc., Brookline, Mass. He has 
been serving as vice-president of the organiza- 
tion. 


Brouk named president of 
Perlite institute 

J. John Brouk, Precast Slab and Tile Co., 
St. Louis, Mo., was elected president of the 
Perlite Institute at its September meeting. 
Wharton Clay, also an ACI Member, serves 
and the organiza- 


as secretary treasurer of 


tion. Recommendations were adopted at the 
meeting for the placing of perlite cement 


concrete with or without air-entraining 


agents. 


Perry opens office 

G. Nelson Perry, formerly chief structural 
engineer with Thomas Worcester, Ine., Bos- 
Muass., has 
engineering office of G. Nelson Perry & Co. 


ton, established the structural 


in Boston. Mr. is president of the 
He graduated in 1929 in 
Northeastern 

Worcester 
consulting organization as a draftsman and 


Perry 
company. civil 


engineering from University 


and joined the J. R. and Co. 
was its senior designer when the firm broke 
up in 1946. He then became associated with 
the Thomas Worcester staff. 


‘Stone, steel and dreams” 
“Bridges are and 


stated D. B. Steinman, noted bridge 


made of stone, steel 
dreams,” 
engineer of New York City, at the Septem- 
ber meeting’ of the Detroit chapter of the 
Michigan Society of Professional Engineers. 
Dr. Steinman, an ACI Member since 1927, 
presented a colorful portrayal of the engineer’s 
creative ability to combine science and art in 
building and beautiful 


talk, ‘The 


with slides of many famous bridges 


great 


spans. He 
illustrated — his fomance — of 
Bridges,” 
and showed how the engineer should not only 
make a bridge structurally sound, but should 
also design it pleasing to the eye and fit the 
bridge into the surrounding landscape. 

He described vividly some of the drama 
and tragedy that has attended the construc- 
tion of several world-famous bridges, but 
also focused attention on the many successful 
projects, both in beauty and strength. 

He closed by saying that the engineer, by 
combining science and art in the construc- 
tion of a bridge, leaves a useful, living monu- 
ment for the future. 


Schwarz retires 

Walter A. Schwarz, formerly resident engi- 
neer at Dorena Dam, a unit of the Wilamette 
Basin Project in western Oregon, retired 
from the Corps ol Engineers recently after 
service. sefore 


16 vears of government 


joining the Corps of Engineers he was a 
district. engineer with the Washington State 
Highway Department, camp superintendent 
for the forest service, and director of opera- 


tions for WPA in Washington State. 


Arnold to study German 
precast industries 
Mack A. Arnold, Arnold 


Stone Co., Ine., Greensboro, N. C., has ac- 


president — ot 


cepted the post of technical consultant in the 
Industry Division of the United States High 
Commissioner for Germany at Frankfurt. 
He is an expert on precast concrete construc- 
tion and was sent to Germany by the U. 8. 
Department of Commerce to investigate new 
types of concrete developed by the Germans 


during World War IT. 


NEWS LETTER 


WITH THIS BAR 


When you use the improved Bethlehem Rein- 
forcing Bar, you can be sure of maximum bond 
strength for the life of the structure. 

The Bethlehem Reinforcing Bar provides maxi- 
mum bond strength because of its high, closely- 
spaced lugs, as called for in ASTM Specification 
A305-49. The anchorage these lugs make possible 
means low slips at working loads. This helps to 
prevent the formation of wide tensile cracks in the 
concrete, and results in better-looking, more eco- 
nomical structures. 

The Bethlehem Reinforcing Bar is made from 
new-billet steel in sizes from %% in. to 1!% in. It con- 
forms in every way to the requirements of ASTM 
Specification A305-49. To be sure of maximum bond, 
specify it for your next concreting job. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 
Export Distributor: Bethlehem Steel Export Corporation 





The size of each Bethlehem Reinforcing 
Bar is readily determined by means of an 
identifying numeral rolled into the bar. In 
this picture, No. 8 denotes a 1-in. round. 


BETHLEHEM REINFORCING BARS 
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Topractsoglou joins University 
of Texas staff 
A. A, 


University, has accepted the position of assist- 


Topractsoglou, formerly at Lehigh 


ant professor in the Civil Engineering Dept. 


at the University of Texas, Austin, Texas. 


California road conference scheduled 


California’s Conference on Street and 


Highway Problems, an annual event for 


road men from every level of government and 
private enterprise concerned with highways, 
been scheduled for 


roads and has 


Jan. 24-26, 


streets, 
1951. 
on the Berkeley campus of the University of 


The meeting will be held 
California. First organized in 1949, the con- 
ference is presented each vear by the Institute 
Traffic 
of the University of California. Chairman for 
the 1951 ftalph G. Wads- 


worth, City Engineer of San Francisco. 


of Transportation and Ingineering 


meeting will be 


International Council for Building 
Documentation 
The first General Assembly of the Inter- 
national Council for Building Documentation 
23-31. The 
building documentation council, organized in 
October 1949 by the United Nations Eco- 
nomic Commission for urope, will examine 


will meet in Paris, France, Oct. 


the problems concerning building documenta- 


tion and the = circulation of information 


among engineers, architects, public —ad- 


ministrators, building organizations, ete., of 
the United Nations. 


The aim of the council is to better the in- 


member countries of 
formation and documentation offered to build- 
ing technicians throughout the world, thus 
facilitating efficient international cooperation 
between the various national organizations 
concerned with the improvement of building 
methods or their implementation. 
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Building Research Congress to feature 


papers on influence of research on 
structural design 

The Building Research Congress to be held 
in London, England; Sept. 11-20, 1951, dur- 
ing the Festival of Britain, will feature sev- 
the 
concrete structural de- 


eral papers dealing with influence of 


modern research on 


sign. There will be an introductory paper on 
modern developments in reinforced concrete 
design and how it has been influenced by re- 
the field of 
research on reinforced concrete will be the 


search; a review of progress in 


topic of another paper. 


fesearch on and development of pre- 


stressed concrete will be discussed and a 
paper on problems in the design and use of 
thin concrete shells will be presented. 

The 
papers dealing with concrete quality control 
the test 


curing methods and high early strength con- 


Congress will also feature several 


and methods applied, accelerated 


crete. An omnibus review of developments in 
Kuropean and American building materials 
will include lightweight concrete made with 
lightweight aggregates and aerating agents. 
The Building Research Congress is spon- 
sored by the British professional institutions, 
technical societies and governmental depart- 
ments, in with 


cooperation representative 


industrial federations. 


Danish National Institute of 
Building Research 

In the Danish National Institute of Build- 
ing Research, Copenhagen, Denmark, second 
annual report, research activities in winter 
conereting, building standardization, sound 
heat insulation and 17 


and other projects 


are reported. The Institute was established 
in 1947 to promote and coordinate technical 
and economic research which may contribute 
to improvement and reduced costs of building. 

To test the practicality of recommended 
practices for winter concreting suggested by 
the Danish institute, it was arranged with 
contractors on 42 projects of varying nature, 
dimensions and stages throughout Denmark 
to follow such practices; reports were kept 
on all operations, problems encountered and 
Another 
study of seven Danish concrete mixers. 
the 


costs. project completed was a 


é lso 


of interest was research conducted on 


Continued on p, 22 
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FLEX. CANVAS CONN. WITH 
WATERTIGHT COVER 


FULLER-KINYON PUMP with 


F-H AIRSLIDE eliminates pit under track 


No longer is it necessary to excavate and build a concrete pit under the rail- 
road track to use a Fuller-Kinyon Pump for unloading bulk Portland cement 
from hopper-bottom cars. This expense and labor has been eliminated 
through the use of the F-H Airslide Conveyor, an ingenious device for con- 
veying with low-pressure air. Materials can also be unloaded in this manner 
from box cars by using a portable hopper. 

The drawing above clearly illustrates the use of the Fuller-Kinyon Pump 
and the F-H Airslide Conveyor in such an installation. The F-H Airslide 
conveys materials from the car to the pump, underneath the bin, the pump 
being used to convey to the storage bin, or if desired, direct to process in the 
plant. The same pump will reclaim from storage bin for delivery of materials 
to process. 

Fuller-Kinyon Pumps and F-H Airslides . . . the answer to many a con- 
veying problem. May we suggest that you investigate these modern systems 
for conveying dry pulverized materials. Minimum expenditure on your part 
may result in major savings. 


FULLER COMPANY, Catasauqua, Pa. 
Chicago 3 - 120 So. LaSalle St. 
San Francisco 4 + 420 Chancery Bldg. 





DRY MATERIAL CONVEYING SYSTEMS 
AND COOLERS—COMPRESSORS AND « 
VACUUM PUMPS—FEEDERS,- 
AND ASSOCIATED EQUIPMENT . 
, P-120 
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Who's Whe This Month 





ACI Committee 617 
ACI 


tecommended 


Committee 617, Specifications and 
Pave- 


ments and Bases, under the chairmanship of 


Practice for Concrete 


H. F. Clemmer, Materials Engineer, Govern- 
ment of the District of Columbia, Washing- 
ton, proposes a revised and amended speci- 
fication, ‘Proposed Revision of Specifications 
for Concrete Pavements and Bases (617-44),” 
p. 95. 

This 17th 
annual ACT convention in San Francisco in 
February, would replace ACI Standard 617- 
14. New specifications incorporated in the 


standard, if adopted at the 


proposed standard include those covering 


air entrainment, removal of forms, pre- 
molded joint fillers and joint filling materials, 


The 


preparation 


and method of placing reinforcement. 


section under soil foundation 
has also been revised. 

Other members of the committee are A. T. 
Goldbeck, National Crushed Stone Assn.; 
W. FE. Hawkins, North Carolina State High- 
Dept.; Fred Hubbard, National Slag 
Assn.; Frank H. Jackson, Bureau of Public 


way 


toads; Ted J. Kauer, Ohio Dept. of High- 
ways; Bailey Tremper, Washington State 


Walker, Na- 
Mixed Conerete Assn.; and M. 
Allan Wilson, Delaware State Highway Dept. 


L. S. Brown and C. U. Pierson 
A “Linear Traverse Technique for Measure- 
Hardened 


scribed on p. 117 by L. 8. 


Dept. of Highways; Stanton 
tional Ready 


ment of Air in Concrete” is de- 
Research Petrographer, Portland Cement 
Assn., Chicago, Ill., and C. U. Pierson, Chief 
tesearch Assistant, Technical Dept., Mar- 
quette Cement Manufacturing Co., Chicago, 
Ill. 

Mr. Brown was author of Chapter IV, 
“Long-Time Study of Cemént. Performance 
May 1948 JournaL. He has 
geologist and petrographer for the 
Portland 1940. He 
graduated in chemistry from New Mexico 
State College in 1916 and received his M.S. 
in petrography 
Oklahoma in 


in Concrete,” 
been 
since 


Cement Assn. 


from the 
1928 


University of 


and Ph.D. from— the 


Brown, Senior. 


Massachusetts Institute of 
1935. 
Assn. he was with the 
Corp., 1935-10. 

A graduate in engineering geology from the 
University of California, Mr. Pierson worked 
for the Shell Development Co. from 1937-42 
in chemical After 4 


ordnance 


Technology in 
Before he joined the Portland Cement 


Lone Star Cement 


research. years of 


service with the Army depart- 
ment, he returned to Shell in 1946, joining 
the staff of the 
petrographer in the Field Research Bureau in 
1948. 


consisted — of 


Portland Cement Assn. as 
While with the association, his work 
microscopic examination of 
aggregates, concrete, and studies relative to 
air entrainment in hardened concrete. He 
Cement 
Manufacturing Co. as Chief Research Assist- 
ant. 


Rachel Friedland 


A newcomer 


recently joined the Marquette 


Rachel 
Building 
Institute of Technology, 


to JOURNAL 


pages, 
Friedland, Assistant Professor of 
Materials, 
Haifa, Israel, is the author of “Influence of 
the Quality of Mortar and Concrete upon 
125. 

from the 
1931 in 
civil engineering and has been a member of 


Hebrew 


Corrosion of Reinforcement,” p. 
Friedland 


Hebrew Institute of Technology in 


Professor graduated 


the faculty since then. She served as Head 
of the Dept. of Standard Testing (Building 
Materials) of the Institute from 1940 to 1948 
and has been chairman of several committees 
for Israel standards. The author of a book 
on cement and concrete and numerous papers 
in Hebrew technical Professo1 
Friedland also held the 


the Israel army, 1948-49. 


journals, 


rank of major in 


Thomas B. Kennedy 
Sand Grading 
141, is the 
contribution by Thomas B. 
Physical Test 
Corps of 


Station, 


Mass 
JOURNAL 


“Proper Improves 


Concrete,” p- second 
Kennedy, Chief, 
Branch, Conerete Research 


Division, Engineers, Waterways 
Miss. His 


other paper, in the Nov. 1944 JourNaAL, dis- 


I}xperiment Jackson, 


cussed « limited investigation of capping ma- 


terials for concrete specimens. 
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10 
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He is a member of ACI Committee 613, 
Recommended Practice for the Design of 
Mixes, 115, Re- 
Mr. Kennedy graduated in chemis- 
try from the University of Illinois in 1930 


Concrete and Committee 


search. 


and since that time has worked mainly in 
the concrete field for the Corps of Engineers. 
He was actively engaged in construction 
work for several vears and has been associated 
with the Concrete Research Division at the 
Waterways Experiment Station for the past 
11 years. 


J. L. Gilliland and T. R. Bartley 
“Water-Solubility of Alkalies in Portland 
Cement,” p. 153, is authored by J. L. Gilli- 
land and T. R. Bartley, both of the Research 
and Geology Division of the U. S. Bureau of 
Reclamation, Denver, Colo. It 
either of 


is the first 


appearance of these men in the 


JOURNAL. 

Mr. Gilliland has been on the staff of the 
Head of the 
He has 
alkali- 


Bureau since 1933 and is now 


Chemical and Cement Laboratories. 


been closely associated with the 
aggregate problem since the days of tle first 
indication at Parker Dam. A 1933 graduate 
in chemical engineering from the University 
Mr. Gilliland is a 


ACI, American Chemical Society and the 


of Colorado, member of 
National Assn. of Corrosion Engineers. 
Mr. Bartley received his B.S. in chemistry 
from Indiana State Teachers College in 1940. 
Shortly 


Seagram’s 


thereafter, he was employed by 


Distillery in Louisville, | Ky., 
From 1941-45 he served 
He has 
a chemist in the Bureau’s laboratory 
since 1946. 


as a plant operator. 
with the Medical Dept. of the Army. 
been 


NEWS LETTER 


12 Pages of detailed information on the properties 
and performance of PLASTIMENT, plus 14 additional 
Sika Compounds engineered to end maintenance and 
repair problems on concrete and masonry. Write for 
your free copy today. 


SIKA CHEMICAL CORPORATION 


36 GREGORY AVENUE + PASSAIC, NEW JERSEY 


K. P. Billner 


A new method of prestressing is described 
by K. P. Billner, President, Vacuum Con- 
crete, Inc., Philadelphia, Pa., in “New Pre- 
stressing Method Utilizes Vacuum Process,” 


p. 161. Well-known to JouRNAL readers, Mr. 
Billner’s previous contributions have de- 
scribed electric prestressing of reinforcing 
steel (June 1943) and vacuum processes 
applied to precast housing units (Oct. 
1949). 

Awarded the Franklin Institute John P. 
Brown medal in 1947 for his work with 


vacuum processing of concrete, his name is 
also identified with such inventive contribu- 
tions to concrete engineering as Aerocrete, 
the use of aluminum powder in concrete to 
improve bond to steel, vacuum concrete, 
interlocked helical reinforcement 
“hed 


prestressing, 


(sometimes 


referred to as spring” reinforcing), 


electric and the mechanical 


method of prestressing described in this 
paper. 

Mr. Billner has been active in engineering 
and building construction in Sweden and the 
United States. He is the 


president of Vacuum Concrete, Inc., and is a 


founder and 
director of the Aerocrete Corp. of America 
and organized similar concerns in Canada 
and England. He is a member of ACI Com- 


mittee 324, Precast Reinforced Concrete 


Structures. 





GIVE _ enough 


for all 
Rep FEATHER SERVICES 











18 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Honor Rall 


October 1950 





February 1 to August 31, 1950 








The Honor Roll is not a cold statistical list. George E. Large ‘0 samecaanw inaew 2 
Dorothy Hall, Editorial Secretary, has been William Lerch (Ill.)................204- 2 
doing a whale of a lot of research in ACI his- F. J. Ochoa U. (Guatemala)........... 2 
tory. Interesting, this history, in how it re- Leroy A. Staples (La.)..............-. 2 
peats—and doesn't. She has been screening George D. Youngclaus (Calif.).......... 2 
Honor Rolls for the period since they began. J. F. Baxter (N. Y.)..........00eeeeeees 1144 
She is acquainted (long after the fact) with the Oscar Benedetti (Venezuela)........... 1% 
member-getting propensities of ACI Members Anthony Henry Clark —- Rivweteenrm 144 
for 25 years. She can tell who have been good _‘F. Thomas Collins —_ aie rinses, oe 
Institute proselyters in all those years—1, 5, Jacob Creskoff (D. C.)..............-. 1% 
10 or more year ‘‘dashes” and in the 25-year Charles W. DeGroff (N. Y.)..........- 14 
marathon. To them the Institute owes it’s Harlan H. Edwards (Wash.)........... 1% 
healthy growth. Rodolfo C. Garcia tiwe Islands)... 11% 

Early next year we'll tell how Duff Abrams — a tr nay ic 53 ete e cece cece ‘3 
iti ate inter ascii’ saa time cdo. mo eee errr 5 

a ey ere ee Te , Leo M. Legatski (Mich.)...-00.20.0+.. 114 
Newlin D. Morgan (Ill.)............... 35!5 homas C. She wJeceeeeeeeeececees 1% 
Newlin D. iaoeen. _ Wie. ER 17 John H. Thornton —— sacevenwene 1 4; 
—_ee——N ae i A. G. Timms (D. C.).. 2-0-0202 e reece 1% 
ee OY eee Jose Antonio Vil Siniacacsvests 1! 
E. |. Fiesenheiser (Ill.) .............0005 a 5 Charles E. Wuerpel (Ill.)......-...--+-. 1% 
Oe A OS eee 616 wie B. Young * sae settee eeees 1% 
Charles G. Peller (Ind.}................ 5 I. Anderegg (NX. J l 
George C. Alden (Callif.)...........06. 4\s Hugh Barnes (Calif.) 1 
SS are Als “4 ans H. Bleic A oe l 
Luis A. Pietri-Lavie (Wenezuela)........ 7 9 .F. J. Clark (Canada)... a. 
Phil + ee oy R. Clark (Ore.) 1 
Wm. T. F. Hooper, Jr. (Ill.).........---- aa Ke ‘nneth W. Clayton (Aus tralia) l 
Cesar Oliver- Rugeles (Venezuela)....... 31, Aloysius E. ¢ ‘ooke (Conn.). J 
Andrew Reti (Venezuela).............. 315 M. A. Craven (New Zealand) 
A, Aaseition (Ad)... 0000600008000 3 R. A. Crysler (Canada)... 
ES ae 3 Walter T. Daniels (D. C.) | 
Ashby T. Gibbons, Jr. (Ga.)............ 3 Harmer E. Davis (Calif.) l 
Emil A. Gramstorff (Mass.)............. 3 Raymond E. Davis, Jr. (Calif.). l 
Walter N. Handy (Ill.)...........-.05- 3 DeWitt Dieterich (IIl.) 
M. D. Hicklin (Ore.)..........02-0000- 3 H. B. Emerson (Ill.) 
Henry L. Kennedy (Mass.)............. 3 C. C. Everhart (Ia.) : I 
James A. McCarthy (Ind.)...........5. 3 Stanley Gordon Fisher (( anada) 1 
Stanley Moore (Canada)............... 3 George W. Ford (Fla.)..... l 
James L. Atkinson (Calif.)............. gi, W illiam FE. Gabelman (Calif.) l 
Raymond E. Davis (Calif.).............. 913 Randall L. Gomien (Ohio). I 
se = “OR RR Epa R EE g', H. F. Gonnerman (IIl.) 
Castor Segundo Goa (Venezuela)....... Q'4 Otto Graf (Germany) L 
Orlando W. Irwin (Ill.)........000-00008 91, Nathaniel Grant (Mo.). . 
Frank H. Jackson (D. C.).......-2..000: q14 Gilberto Guardia (Panama) 5 ll 
Melvin W. Jackson (Ga.).........-+005 91% Horace P. Hamlin (N. Y.). vial 
De ED vciccct ec cae caevient 215 tobert J. Hansen (Mass.). l 
ee eee Q!, aig Harper (Texas) I 
Ralph L. Barbehenn (N. J.).-...--..-+-5 2 L. Harrell (Texas) . 
Roberto Barillas F. (Guatemala)......... 2 C "hi irles E. Hawke (Canada) | 
fe 8 2 Harry H. Hawley (Ohio). l 
Sterling Lowe Bugg (Fla.)...........+-- 9 Bernard C. Herring (England) l 
W. Fisher Cassie (England)............. 2 Wallace E. Jobusch (Ind.) I 
Clayton M. Crosier (Kans.)............- 2 Thomas B. kennedy (Miss.) I 
Belmon U. Duval (Ohio)............... 2 John C. King (Ohio)..... 1 
Eddy N. Hernandez (La.).............. 2 KK. V. Kini (India)... .. l 
Samuel Hobbs (Collif.)..............06. 2 \. Kirkpatrick (N. Y.) I 
oe S| 3 eer rr 2 Blas Lamberti (Venezuela) I 
5, Ween Tanne CG. Voc occ cccccecs 2 Continued on p. 20 








NEWS LETTER 


222. @ PUMPCRETE 








YOUR AUTOMATIC INSPECTOR OF CONCRETE QUALITY 


Rex Pumpcrete .. . the pump that pumps concrete through a pipe line... is an 
automatic inspector that inspects the quality of every batch of concrete pumped 
to the forms. 

FIRST. Where segregation of the batch has occurred through mishandling or 
unsatisfactory mixing, the remixing hopper of the Pumpcrete will automat- 
ically correct this condition, assuring highest quality concrete. 

SECOND. When the batch contains inferior aggregates, or is a poor mix, the 
Pumpcrete will refuse to pump it! It avtomatically inspects batch quality! 
THIRD. The piston and valves of the Pumpcrete form the plastic concrete into 
cylinders which are placed in the sealed pipe line and pumped directly to the 
forms. There is no chance for segregation of the concrete during travel 
through the sealed pipe line. Concrete arrives at the forms in the same un- 
segregated, high quality condition as it was when it entered the pipe line. 
For highest quality concrete . . . for automatic inspection of concrete quality, 
rely on Rex Pumpcrete. For the complete story, write Chain Belt Company, 
1713 W. Bruce Street, Milwaukee 4, Wis. 







CONSTRUCTION MACHINERY 
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NEWS LETTER 


Here’s the latest Baldwin Concrete Testing ma- 
chine, which has the desirable features of previous 
models, plus important improvements, all com- 
bined in a new functional design. The weighing 
unit is housed in a metal cabinet with hand wheel 
and push-button controls and two precision 
Emery hydraulic dial indicators with auxiliary 
pacing discs. It is completely separate from the 
loading unit, and can be located at any convenient 
distance from it. Machine accommodates 3'’x 6’’, 
6"' x 12" and 8” x 16” concrete cylinders, and can 
be equipped to accommodate 12”’x 18” building 
blocks when specified. Features include: 


The Baldwin Locomotive Works, 
Philadelphia 42, Pa., U. S. A. 
Offices: Chicago, Cleveland, 
Houston, New York, Philadel- 
phia, Pittsburgh, San Francisco, 
St. Louis, Washington. In Can- 


Al 
— oo Bros., Ltd., Mont- 4 sD 
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@ Capacity: 300,000 Ibs. in 500 Ib. 
divisions: 50,000 lbs. in 100 Ib. 
divisions. Automatic switch pro- 
tects low range. 


@ Clearances: 18%” clear space 
between columns: 2654.6” be- 
tween ram and upper platen; 
10” ram travel. 


@ Accuracy: 1% of reading or 0.2% 
of range—whichever is greater. 





COMING: 
A NEW 100,000 LB. MACHINE. 
WATCH FOR ANNOUNCEMENT. 

















>) BALDWIN 


TESTING mid |) HEADQUARTERS 


5812 
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Danish building research 


Continued from p. 14 


houses built of rammed stabilized earth, 
geotek. Compressive strengths between 10 
and 30 kg per sq em (142 and 427 psi) were 
obtained and with an addition of 6 percent 
cement to the earth, strengths of 45 to 75 kg 
per sq cm (640 to 1068 psi) were possible. 


Hydro-Electric Power Commission of 
Ontario exceeds '48 construction peak 
The construction of large power develop- 
ments by the Hydro-Electrie Power Com- 
mission of Ontario, Canada, in 1949 ex- 
ceeded the all-time peak of construction 
activities reached in 1948 the Commission 
disclosed recently in its annual report. It 


also reported that in 1949 the Commission 


began the standardization of frequency in 
the southern Ontario system and the inspec- 
tion of power transmission lines by helicopter. 

\t the end of 1949 there were several hun- 
dred separate jobs under construction, rang- 
ing from small projects costing one or two 
thousand dollars to power developments 


These 


bigger projects included the developments at 


costing many millions of dollars. 


Des Joachims, La Cave, Chenaux, Tunnel 
and Pine Portage. 

The post-war construction and develop- 
ment program of the Commission, costing 
$593,000,000, includes nine hydro- 

projects and two 


about 
electric steam-electric 
stations. Since the war five of these projects 


have been placed in service. 


Engineering is leading profession 

The parallel growth of industry and the 
engineering profession has today reached the 
point where engineering is the leading pro- 
fession for men, with more than 375,000 prac- 
titioners, and it is still the fastest growing, 
stated the June Industrial Bulletin of Arthur 
D. Little, Inc. 

Approximately 51,000 men and women 
received degrees in engineering and science 
from more than 150 U. 8. technical schools 
in June—a far cry from 1835, when Rens- 
selaer Polytechnic Institute granted the first 
nonmilitary engineering degrees in the 
United States. West Point, opened in 1802, 
had granted engineering degrees, but its 
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program stressed military engineering rather 
than the “civil” branches. 

The early engineering schools had a dif- 
ficult task in combatting the general public 
feeling that education was 
It was not until 
1845 that the first School of Engineering was 


engineering 


inferior to classical studies. 


established as a branch of a classical college 
at Union College, and only two or three 
men were graduated each year until 1860. 

In the United States, the growth in higher 
technical education coincided with the 
industrial revolution, but advanced technical 
schools had been founded in France and 
Germany somewhat earlier, the first in 1747. 

After the Civil War, even though a sub- 
stantial percentage of American engineers 
and chemists continued to be trained abroad, 
the increase in technical scho Is became one 
American education. 
Morrill 


Land Grant Act, which specified that the 


of the phenomena of 


One factor in this growth was the 


colleges so aided should teach “such branches 
of learning as are related to agriculture and 
the mechanic arts.” 

At a relatively early stage the engineering 
curriculum crystallized into its present pat- 
tern. As early as 1852 Rensselaer had de- 
veloped the educational philosophy and 
curriculum which has become the pattern 
for modern colleges of engineering. 

As the United States grew away trom 
dependence on uropean products, and as 
commerce and industry became more com- 
petitive the need for trained engineers grew. 
The haphazard characteristics of early indus- 
trial efforts gave way to skillfully engineered 
enterprises, making engineering the leading 


profession of today and still growing. 





““Snowed under" in October 

Since publication of the ACI 20-Yeai 
Index, \nstitute headquarters has been 
“snowed under’”’ trying to handle all the 
orders for copies of the ACI Book of 
Standards, the ACI Inspection Manual, 
and the Detailing Manual. Do you have 
these books on your reference shelf? 

See the 20-Year Index for a summary 
of the contents of each. 
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New Members 


Continued from p. 8 


Wilson, J. Gibson, Jr., (Indiv.) 4616 N. 19th 
Rd., Arlington 7, Va. 

Washington 

Johnson, Melvern E., (Indiv.) 2323 Third 
Ave., Seattle, Wash. 

Whitacre, Horace J., (Indiv.) Consulting En- 
gineer, 1401 Puget Sound Bank Bldg., 
Tacoma 2, Wash. 

Wisconsin 

Gebhard-Berghammer, Ine., (Corp.) 5420 
W. State St., Milwaukee 8, Wis. (Jerome 


P. Gebhard) 


Porto Rico 
Rodriguez, Jose 
Cintron St., 


(Indiv.) No. 67 Matienzo 
Hato Rey, Porto Rico 


Austria 

Czernin, Wolfgang O., (Indiv.) Director of 
tesearch, Austrian Portland Cement Asso- 
ciation, Wissgerberlande 44, Vienna ITI, 
Austria 

Canada 

Safir, Otto, (Indiv.) ¢/o Marwell Construc- 
tion Co., Ltd., 410 Seymour 8St., Van- 
couver, B. C., Canada 

Germany 

Walz, Kurt, (Indiv.) Cannstatterstrasse 212, 
Stuttgart, Germany 

Guatemala 

Castillo Contoux, Mauricio, (St.) 6a Calle 


Poniente No. 84, 
Gautemala 


Ciudad de Guatemala, 


India 

Desai, D. S., (Indiv.) ¢/o Braithwaite & Co. 
(India) Ltd., P. O. Box 427, Calcutta, 
India 

lraq 

\Abdul-nour, Hazim Majid, (Indiv.) Hosh 


el Khan St., Mosml, Iraq 

Philippine Islands 

Krum, Emil N., (Indiv.) Scottish Rite Temple, 
912 Taft Ave., Manila, P. I. 

Galinato, Juan G., (Indiv.) 1226 
Malate, Manila, Philippines 

Garrido, (Indiv.) 55 
Sanipaloc, Manila, P. I. 


Agno St., 


Alejandro Vi 


Jose, 


Scotland 
McDougall, Archibald, (Indiv.) 19 the Bun- 
galows, Affric Camp, Cannich, By Beauly, 


Inverness-shire, Scotland 


Venezuela 


Gonze ‘lez-Gomez, C., 
Delicias No. 5 


Las 


(Indiv.) la Ave. 
, Caracas, Venezuela 





How Does 
Calcium Chloride 


Improve 


WINTER CONCRETE? 


“The Effects of Calcium Chloride on Portland 
Cement is a semi-technical book that clearly 
presents the facts on the use of Calcium 


Chloride. 


v CUTS DELAYS 
V SPEEDS STRENGTH 
Vv ADDS EXTRA SAFETY 


SOLVAY 


Calcium 
Chloride 





It is filled with graphs, tables, charts and con- 
tains much material not heretofore available. 
This information will be of great interest to con- 
tractors architects, engineers, plant operators 
and men in allied fields. For your copy, 
write on your company letterhead to the ad- 
dress below . . . . there is no obligation. 


CALCIUM 


CHLonipe 


PORTLAND 
cement 





SOLVAY SALES DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector St., New York 6, N. Y. 
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SYNOPSES of recent ACI Papers and Reports 





Institute papers of this JOURNAL 
Volume 22 are currently available 
at prices indicated. Please order by 
title and title number. 


SOME OBSERVATIONS ON THE 
USE OF REINFORCING STEEL IN 
CONCRETE PAVEMENTS............47-1 


Price 35 cents. 
BENGT F. FRIBERG—Sept. 1950, pp. 1-16 (V. 47) 


The paper contains a few accumulated observations from 
a review of literature on the evolution of reinforced 
concrete pavement designs, with reference to various 
systems of reinforcement which have seen extended use. 
Typical structural concrete pavement failures are de- 
scribed. Trends in design and reinforcement practice 
are shown, with special reference to recent develop- 
ments. Pertinent findings of a few published pavement 
surveys are cited, with special attention to the 900-mile 
Louisiana pavement survey made in 1945. The need 
for performance information and additional research 
is stressea 


TESTS OF PAPER MOLDS FOR 
CONCRETE CYLINDERS........... .--47-2 


Price 35 cents. 
ROBERT A. BURMEISTER—Sept. 1950, pp. 17-24 (V. 47) 


Concrete test cylinders cast in a new type paper mold 
had a compressive strength lower than that predicted 
for the concrete mix used. Investigation showed that 
cracks and mechanical injuries to the outer shell of the 
concrete cylinder caused by movement of the paper stock 
during the first 24 hours of curing reduced the strength 
of the cylinder. To a lesser degree this was true also 
of the paraffined paper molds in common use for Casting 
test cylinders, specimens cast in both types of paper molds 
howing lower strengths than test cylinders from the same 
mix cast in steel molds 


ADMIXTURES IN CONCRETE........ 47-3 
Price 60 cents. 


W. T. MORAN, F. H. JACKSON, BRUCE E. FOSTER 
and T. C. POWERS—Sept. 1950, pp. 25-52 (V. 47) 


Five papers by members of ACI Committee 212, Admix 
tures, are, because of their common general subject 
presented together. 

Various admixtures are discussed briefly as an introduction 
to more detailed treatment of air-entraining materials 
The relative merits of admixtures and interground agents 
are considered. Optimum ranges of air content for 
different structural uses are given with particular reference 
to pavements. 

The advantages and disadvantages of several types of 
admixtures used in the fabrication of various concrete 
products, such as building block, cast stone, pipe, crib- 
bing and curbing, are discussed he admixtures con- 
sidered are classified into the following groups: acceler- 
ators, air-entraining agents, gas-forming agents, water 
repellent agents, and workability agents. 

The factors affecting bleeding characteristics and work- 
ability of fresh concrete are reviewed and the effect of 
admixtures on these properties is assessed 


Present knowledge of admixtures in counteracting alkali 
aggregate reactions is reviewed. It is emphasized that 
further studies may revise thinking in this field. 

The effectiveness of various concrete admixtures in inhib- 
iting the capillary flow of water and the flow of water 
under pressure is considered. The types of admixtures 
included in the discussion are accelerators, soaps, butyl 
stearate, finely subdivided dry materials, mineral oil 
workability agents, and a miscellaneous group of propri 
etary compounds 


IMPROVED SONIC APPARATUS 

FOR DETERMINING THE DYNAMIC 
MODULUS OF CONCRETE 
SPECIMENS........ eet we sees sue 
Price 35 cents. 

C. E. GOODELL—Sept. 1950, pp. 53-60 (V. 47) 

After a brief introduction to sonic testing and a descrir 
tion of commercial equipment, the apparatus built for the 
Michigan State Highway Department is discussed. Reli- 
able results can be obtained by an unskilled worker wit 
this compact equipment which has twice the frequency 
band spread of the usual oscillator. A wiring diagram 
of the sonic apparatus is included 


ANALYSIS OF THREE-DIMENSION- 

AL BEAM-AND-GIRDER FRAMING. 47-5 
Price 35 cents. 

PHIL M. FERGUSON—Sept. 1950, pp. 61-72 (V. 47 
The beam-and-girder floor with some beams carried 
directly by columns and others supported on girders i 
cited as a practical problem in frame analysis that must 
include the torsional stiffness of the girder. Curves show 
ing how moment coefficients vary with this torsional stiff 
ness are developed for a few simple cases in interior 
panels These show the weakness of rule-of-thumt 
methods 

A practical calculation form is set up for use with the 
moment distribution method in solving three-dimensional 
problems of this type. 


Proposed Revision of SPECIFICATIONS 

FOR CONCRETE PAVEMENTS AND 
oo er ocnecee 
Price 35 cents. 

REPORT OF COMMITTEE 617—Oct. 1950, pp. 93-116 
V. 47) 

New specihcations incorporated include those covering 
air entrainment, removal of forms, premolded joint filler 
and joint filling materials and method of placing rein 
forcement Definitions have been added under soil 
foundation preparation and other parts of this sectior 
have been revise 


LINEAR TRAVERSE TECHNIQUE 

FOR MEASUREMENT OF AIR IN 
HARDENED CONCRETE............. 47-7 
Price 35 cents. 

L. S. BROWN and C. U. PIERRSON—Oct. 1950, pp. 11 
124 (V. 47) 

The method described for the determination of air in 
hardened concrete permits the examination of 6 x 8-in 
and 6 x 10-in. random plane face-ground hardened con 
crete specimens which more truly represent the aggregate 
and air voids in the actual concrete than smaller specimens 
The construction and use of the instruments are discussed 
and results of tests are given. Because of the time and 
equipment necessary to measure air content by means of 
the integrator, it is not adaptable to field use. However 
as a laboratory tool it provides a means for quick and 
accurate determination of total air 
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INFLUENCE OF THE QUALITY OF 
MORTAR AND CONCRETE UPON 
CORROSION OF REINFORCEMENT. 47-8 
Price 35 cents. 

RACHEL FRIEDLAND—Oct. 1950, pp. 125-140 (V. 47) 


In tests to determine the influence of the quality of mortar 
and concrete upon corrosion of reinforcement the variables 
studied were cement content water-cement ratio, con- 
sistency, grading and depth of cover. The specimens, 
stored in moist air or exposed to weather, were tested 
up to the age of 2 years 

The results indicate that consistency has a pronounced 
effect upon the protective value of mortar and concrete, 
and that there appears to exist an “optimum consistency 
at which the quantity of rust is practically unaffected by 
time. It was also found that the usual cement contents in 
reinforced concrete have only a limited effect upon cor 
rosion. It is concluded that water-cement ratio does not 
in itself control the rate of corrosion of reinforcement 


PROPER SAND GRADING IM- 

PROVES MASS CONCRETE.........-47-9 
Price 35 cents. 

THOMAS B. KENNEDY—Oct. 1950, pp. 141-152 (V. 47) 


Two series of concrete mixtures were designed using 
6-in. traprock coarse aggregate and eight separate 
gradings of natural sand ranging in fineness modulus from 
3.60 to 1.35. Tests were made of the plastic concrete, 
and specimens were cast for tests of compressive strength, 
resistance to freezing and thawing, and drying shrinkage 
Both series of concrete mixtures had a cement content 
of 2.5 bags per cu yd; one had a normal air content 
414 + 1% percent in the portion of the mixture passing 
the 114-in. sieve—and the other had a high air content 
10 + 2 percent in the portion of the mixture passing the 
114-in. sieve. Tests indicate that good durability in freez- 
ing and thawing can be obtained within the normal air 
content range with fineness modulus between 2.50 and 
2.90. With increased air content, however, the fineness 
modulus range can be increased to extend from 1.58 to 
3.24. Compressive strength was generally affected 
adversely by increased air content, but not to a serious 
degree. Drying shrinkage was less with normal air 
content mixes than with high air content mixtures It 
was least when a fineness modulus of 2.52 was used, little 
difference being apparent between the high and normal 
air content mixes with this fineness modulus. The air 
entraining admixture requirement increased greatly as 
the fineness modulus of the sand decreased. The water 
ratio also tended to increase with decreasing fineness 
modulus. 


WATER-SOLUBILITY OF ALKALIES 
IN PORTLAND CEMENT...........47-10 
Price 35 cents. 


Jeb oy gr and T. R. BARTLEY—Oct. 1950, pp 
153-160 (V. 47) 


In an effort to show correlation of soluble alkalies with 
alkali-aggregate reaction, the authors hydrated a number 
of cements for periods up to 90 days and analyzed water 
extracts of the ground hydrated cement However, 
the correlation with expansions of mortar bars prepared 
with reactive aggregate was not improved by considering 
water-soluble alkalies rather than total alkalies. 

The rate at which the alkalies become water-soluble 
in hydrating cement indicates that the alkali-bearing phases 
in cement hydrate quite readily 


NEW PRESTRESSING METHOD 

UTILIZES VACUUM PROCESS......47-11 
Price 35 cents. 

K. P. BILLNER—Oct. 1950, pp. 161-176 (V. 47) 


The method outlined here was developed to simplify 
prestressing of concrete to make it generally adaptable 
to American ways of construction. It eliminates costly 
anchorages; uses large diameter wires (%<-in. diameter 
now available on the market), instead of the customary 
is-in. diameter wire, thus greatly reducing the number 
of wires required; prestresses all the wires in the building 
element simultaneously and simplifies forming. A simpli- 
fied method of design calculations for prestressed concrete 
and the result of tests of a beam so designed are included. 
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At the 


47th Annual Convention 
San Francisco 


you can expect dome of theie 
lapics 


Cast stone 

Durability 

Precast floors 

Concrete pipe 

Parking garages 

Ultrasonic testing 
Prestressed girders 

Tilt-up construction 
Manufactured sand 

Rogue River Bridge 
Hungry Horse Dam 
Pavement refinishing 
Lightweight concrete 
Contractors’ problems 
Architectural concrete 
Earthquake resistant design 
Prestressing cast-in-place members 


Precast concrete as protection against 
atomic blast 


Watch forthcoming News 
Letters for the final program. 
Plan to meet at the 


St. Francis Hotel 
February 20-22, 1951 
47th Annual Convention 
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DISCUSSION 


Discussion closes January 1, 1951 
Sept. Jl. '50 
Some Observations on the Use of Reinforcing Steel in Concrete Pavements—Benat F. Friberg 


Tests of Paper Molds for Concrete Cylinders—Robert A. Burmeister 
Admixtures in Concrete—W. T. Moran, F. H. Jackson, Bruce E. Foster and T. C. Powers 


Improved Sonic Apparatus for Determining the Dynamic Modulus of Concrete Specimens 


—C. E. Goodell 


Analysis of Three-Dimensional Beam-and-Girder Framing—Phil M. Ferguson 


Discussion closes February 1, 1951 


Oct. Jl. '50 
Proposed Revision of Specifications for Concrete Pavements and Bases--Committee 617 
Linear Traverse Technique for Measurement of Air in Hardened Concrete—L. S. Brown and 
C. U. Pierson 


Influence of the Quality of Mortar and Concrete upon Corrosion of Reinforcement—Rachel 
Friedland 


Proper Sand Grading Improves Mass Concrete — Thomas B. Kennedy 
Water-Solubility of Alkalies in Portland Cement—. L. Gilliland and T. R. Bartley 


New Prestressing Method Utilizes Vacuum Process—K. P. Billner 












Title No. 47-12 








To meet a need for authoritative information on the use 
of pneumatically-placed mortar, Committee 805 proposes 
recommendations for shotcreting for adoption as an ACI 


Standard. 


Proposed Recommended Practice for the 
Application of Mortar by Pneumatic Pressure* 


Reported by ACI Committee 805 
W. L. CHADWICK 


Chairman 


J. A. McCRORY R. B. YOUNG 
SYNOPSIS 


This proposed ACI Standard presents briefly the advantages and disad- 
vantages of pneumatically-placed mortar and establishes recommended prac- 
tices for placing and mixing shotcrete, qualifications and duties of workmen, 
preparation of surface before shotcreting, reinforcing, sequence of application, 
and other items involved in good shotcreting, 


INTRODUCTION 

Because of its convenience and advantages for various types of work, 
both for new construction and for repair and maintenance of concrete, brick, 
masonry and certain steel structures, there has been increased interest during 
recent years in the use of pneumatically-placed mortar. Mortar so placed, 
however, has some limitations which should be understood before decision 
is made to use it. For some work and conditions this material has important 
advantages; it is convenient, economical and structurally adequate; for other 
work a part or all of the advantages may be lost. It is important that the 
best practice be followed in application. Before stating a recommended 
practice, it is desirable to state the advantages and the limitations of the 
material to avoid, in so far as possible, misapplication of the material and 
disappointing results. 
Definition 

Pneumatically-placed mortar is mortar which is projected by an air jet 
directly onto the surface to which it is to be applied, irrespective of the type 
and manufacture of the mixing and placing apparatus. The force of the jet 
~*Title No. 47-12 is a part of copyrighted JourNaL or THE AMERICAN Concrete Instirure, V. 22, No. 3, Nov. 
reach the institute not later than Mars I, 1031. Address 18263 W, MeNicho Ray Dewrat 19 Mie) 

This report was approved in form and substance as here submitted by the following members of the committee: 
W. L. Chadwiek, J. A. McCrory and R. B. Young. It is released by the Standards Committee for publication and 


discussion with view to its consideration for adoption at the 47th annual convention, San Francisco, Calif., Feb 


20-22, 1951, 
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compacts the mortar in place. To avoid the cumbersome term “pneumatic- 
ally-placed mortar” the word “‘shotcrete” is used to refer to this material in 
the remainder of this report. 


GENERAL DESCRIPTION OF SHOTCRETING 
The processing and placement of shotcrete follows these general steps: 
Sand and cement are dry-mixed in a standard concrete mixer. 
The dry mix is fed by gravity into a special mechanical feeder which is 
hereinafter referred to as a “gun.” 
Compressed air is introduced into the gun and the pressurized mix is fed 
out of the gun into the delivery hose by a feed wheel. 
The pressurized dry mix passes through the delivery hose to a special 
nozzle. In addition to serving as an orifice, this nozzle is previded inside 
with a special perforated manifold through which water is introduced to 
the dry mix. 
The now moistened mix jets immediately: onto the object to be shot- 
creted. 
ADVANTAGES OF SHOTCRETE 

The advantages of shotcrete are: 
It requires a relatively small, portable plant for manufacture and place- 
ment. This plant consists principally of compressed air and water sources, 
a standard concrete mixer for dry-mixing the sand and cement, a mechan- 
ical feeder (the gun) to feed the dry, mixed material into the delivery 
hose, hoses for water, air and mixed material, and a nozzle. The ma- 
terial hose conveys the mixed material to the point of application, re- 
placing buckets, buggies, elevators, trucks, pumps, or similar transporting 
equipment which would otherwise be required. There being no heavy 
loads to transport, scaffolding requirements are minimum. 
The method of placement requires a lower water-cement ratio than is 
normally usable with ordinary concrete placement methods. 
The density obtained by the method of placement and the stiffness of 
the mix permit building up of many shapes without the use of forms; 
where forms are necessary, they may be considerably lighter than those 
usually required for concrete placement. 
The dry mix, the method of placement and the necessity for richer mixes 
result in high compressive strength, and in high density for the given 
material. 
Shotcrete is well adapted for use in the construction of the following works: 
New structures—Thin walls, certain roofs, slabs, Imhoff tank baffles, 

certain reinforced concrete tanks; linings for certain kinds of reservoirs, 

tunnels, sewers, shafts, canals and pipe; and work of similar extent and 

section. 
Coatings—Over brick, concrete, steel, masonry. (Under adverse weather 
conditions on deteriorated concrete surfaces and on many hydraulic 
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structures the durability will probably be materially less than when 
used on unexposed surfaces and on nonhydraulic structures.) 

Encasement—Of structural steel for fireproofing and for reinforcement; 
of large steel pipe both inside and out; and of wooden structures for 
fireproofing such as in mines and some industrial buildings. 

Repair—Reservoir linings, surfaces of dams under many conditions, 
tunnels, shafts, pipe lines, walls, tanks, sewers, canals and most of the 
work to which shotcrete is adapted for new work. Earthquake damage 
to masonry structures of all types. 


DISADVANTAGES OF SHOTCRETE 


The disadvantages of shoterete are: 


1. Shoterete should be placed by skilled operators only, since both its struc- 
tural value and the texture of the finished surface are greatly influenced 
by the skill of the workmen. Structural va'ue and surface are also greatly 
affected by air pressure, sand grading, sand moisture, water use, humidity 
and wind. 

2. The density of shotcrete is lower than the density of good concrete. 

3. While shoterete is relatively impervious to water, it is more porous than 
good concrete. (There appears to be evidence that this porosity is favor- 
able to frost resistance of the shotcrete itself.) 

1. Shoterete is more subject to shrinkage cracks than concrete. 

5. The natural shoterete surface is rough and covered with rebound. This 
condition is objectionable for some classes of work but may be overcome 
by specially screeding the surface. 

6. The placing of shotcrete is relatively dusty, which, with the necessity 
and expense for cleaning up rebound, is objectionable for some classes of 
work. 

7. Because of the necessity of disposing of rebound clear of the work, shot- 
crete is applied in relatively thin layers, successive application being 
necessary for heavy sections. 

RECOMMENDED PRACTICE 

Materials 


Sand—The Engineer should specify whether natural sand or sand prepared 
by crushing sound stone or gravel shall be used. 

Grading—Sand meeting specifications for good concrete is suitable; that is, 
it should be graded from coarse ta fine within the limits shown in the following 
table: 


A.S.T.M. C 33-46 

Pass 3% sieve 100 percent 
No. 4sieve 95-100 percent 
No. 16 sieve 45- 80 percent 
No. 50 sieve 10- 30 percent 
No. 100 sieve 2- 10 nercent 
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Fineness modulus not less than 2.50 nor more than 3.30. 

Uniformity—For the purpose of controlling the grading of fine aggregate from 
any one source, a preliminary sample should be submitted prior to actual 
delivery to the work itself. This sample should be representative of the 
material it is proposed to furnish. Any shipment of fine aggregate made dur- 
ing the progress of the work which shows a variation of fineness modulus 
greater than 0.20 either way from a fineness modulus of the preliminary 
sample should be rejected, unless by changes in proportions it may be readily 
made to comply with the requirements of this section. 

Deleterious substances—Sand should be washed unless specific authority is 
granted by the Engineer to use unwashed sand. The maximum percentages 
of deleterious substances should not exceed the following values: 


Percent by weight 


temoved by decantation. . 3 
Shale..... eee 1 
SR ere eee 1 
Clay lumps... ........ 1 


The total of other deleterious substances such as mica, alkali, coated grains 
and soft flaky particles, should not be more than two percent by weight. 
The sum of the percentages of shale, coal, clay lumps, soft fragments and 
other deleterious substances shall not exceed five percent by weight. All 
sand shall be free from injurious amounts of organic impurities. When 
subjected to the A.S.T.M. C 40-33 colorimetric test for organic impurities, 
aggregates producing a color darker than the standard should be rejected. 

The sand should contain three to five percent moisture at the time of 
mixing with cement. If the moisture exceeds five percent, the sand should 
be dried or allowed to drain until this maximum limit is reached. 
Rebound—Rebound is sand and cement which bounces back from the surface 
where shotcrete is being applied, because of collision with new hard surface, 
reinforcement or with ag 

t 


with cement content, water use, placement angle, shape of surface, size and 


eregate particles themselves. The amount varies 


type of sand used, and air pressure. Because the cement content, cement 
condition and the fineness modulus in rebound are unpredictable, rebound 
should not be re-used for shotcrete. 
Cemeni—The cement should be portland cement conforming to the A.S.T.M. 
specifications for Type II portland cement, Designation C 150-42, and should 
be subject to the same limitations as to total alkali as first-class concrete. 

For volumetric batching, each bag of cement should be. considered as 1 
cu ft; and, for weight batching, as 94 lb. 
\Vater—The water should be of potable quality. 
Reinforcing—Depending on the thickness or extent and nature of the work, 
reinforcing may be either standard reinforcing steel, or fabric, or expanded 
metal. Fabric should be welded. Fabric or expanded metal may be self- 
furring, or may be used with chairs, and may be galvanized or black metal. 
Specifications or drawings should control each case. It should be emphasized 
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that the soundest shoterete will be obtained when reinforcing is selected and 
designed to cause least interference with placement. 


Equipment 

Standard mixer—The rotating mixing equipment should be capable of thor- 
oughly dry-mixing the sand and cement within the time available for uniformly 
and continuously supplying the mixed material to the gun. 

Gun—The pneumatic mixing and delivering equipment most extensively 
used is of the vertical double-chamber type. The upper chamber receives 
and pressurizes the dry-mix and delivers it to the lower chamber. The lower 
chamber forces the pressurized mix into the delivery hose by means of a 
feed wheel. This type of feeder should be of sufficient capacity that the 
lower chamber may continuously furnish all required material to the delivery 
hose while the upper chamber receives the recharge. 

This equipment must be kept in good condition to avoid reduced pressure 

and consequent reduced velocity of material delivery. The interior of the 
drums, feed gearing and valves should be cleaned as often as necessary (at 
least once every 8-hour shift) to prevent material from caking on critical 
parts. 
Hose and nozzle—Good experience indicates that perhaps the best condition 
for shotecrete placement is through about 100 ft of material hose, although it 
is frequently necessary to use longer hose. Placing through as much as 500 
ft of hose is practicable if the supply pressures are increased to maintain 
proper nozzle velocity. For rough or heavy work, a pressure of 50 to 60 Ib 
is required at the nozzle. This pressure may be increased to 75 |b for high 
lifts or long hose to insure against clogging. Best results for finishing work 
are to be had when pressures of from 25 to 50 Ib are used. 


Equipment manufacturers recommend sufficient air pressure at the gun to 


J 


produce the following material velocities for the nozzle sizes shown: 


375 to 500 fps, using ?4-or 1-in. nozzles 
125 to 550 fps, using 114-in. nozzle 


The nozzles which have given the best performance are of a “pre-mixing” 
type, with perforated water-feed ring inside the nozzle to: direct an even 
distribution of water through the material at the place of application. These 
nozzles have a lining which should be replaced when worn to the point where 
uniformity of material flow is lost. 

Air compressor—Any standard type of compressor will be satisfactory if it is 
of sufficient capacity to provide, without interruption, the pressures and 
volume of air necessary for the longest hose delivery. In determining com- 
pressor capacity, allowance should be made for the air consumed in blowing 
away rebound, cleaning reinforcing’and for incidental uses. 

Waler pump—Water pressure should be maintained approximately 15 Ib 
higher than the highest air pressure required for placing. Both air and water 
pressure must be uniformly steady (nonpulsating). 
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Recommended procedure in placing shotcrete 

The work to be done should be fully and clearly described on drawings 
and in specifications, all of which should be made available to the contractor 
or work supervisor well before any work is undertaken. 

(Qualifications and duties of the workmen—Because so much of the quality and 
satisfactory use of shotecrete depends on the skill of workmen, it is desirable 
that the foreman, nozzlemen and gunmen, before employment on shotcrete 
work, give evidence that each has done satisfactory work in similar capacities 
elsewhere for a sufficient period of time to be fully qualified to properly per- 
form the work in accord with the requirements of the related specifications. 
Duties of workmen—The foreman should have had good personal experience, 
preferably not less than two years as a nozzleman. 

The nozzleman should have served a 6 months apprenticeship on similar 
shotcrete work and should be able to demonstrate by practical test his ability 
to perform satisfactorily the duties enumerated below. 

1. To place the material with a minimum of water at the nozzle, but with enough 
to insure complete hydration and prevent excessive rebound. Normal re- 
bound will range from 20 to 40 percent of the sand depending on the type of 


work and on coarseness of sand. 


to 


. To follow a sequence or routine, in placing, which will fill corners with sound 
material, and cover the reinforcement with the required thickness at each 
layer. 


To direct the nozzleman apprentice or helper where to clear away for the sub- 


sequent placement. 

t. To hold the nozzle at the proper distance (about 3 ft except in close quarters) 

and at the proper angle to secure maximum compaction with minimum loss of 

material. This angle should be as nearly normal to the surface as the type of 

work permits. 

5. To direct the crew when to start and stop feeding material, and to stop the 
work when material is not arriving uniformly at the nozzle. 
6. To direct the nozzleman apprentice or helper to cut out sand or slough pockets 

for replacement after the surrounding shotcrete has taken its initial set. (Im- 

mediate replacement is not desirable as a rule, as it may cause additional 

slough in the surrounding area.) 
7. To determine and insure that the air pressure at the gun is uniform and is 
giving proper velocity to the material at the nozzle, and that the water pressure 

is sufficiently (15 lb) greater than the air pressure. 

8. To bring the shotcrete application to finish lines in a neat workmanlike 
manner, 

The nozzleman apprentice should have had some good experience at similar 
work. He receives specific orders from the nozzleman but, in general, op- 
erates an air nozzle at and around the newly placed work to blow away all 
loose or porous or shattered material, to prevent its being covered in the 
progress of the work. Aside from his other specific duties, the nozzleman 
apprentice or helper helps the nozzleman with the material hose, keeping it 
advanced for efficient progress. 

The gunman operates the mechanical feeder and directs the work of the 
mixer crew. Utilizing gage readings and his experience, he maintains proper 
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pressure (45 to 75 lb) on the pneumatic gun to provide proper nozzle velocity. 
His other most important duty is to assure that the material feed to the 
nozzle is uniform. 


Preparation of the surface for application of shotcrete 

Because the final structural value of a shotcrete repair depends upon its 
bond with the surface on which the mortar is “shot,” this surface must be 
thoroughly cleaned and sound. Surfaces other than concrete surfaces re- 
quiring repair should also be clean, and thoroughly compacted (if earth) 
or well secured (if forms). All coated, scaly, or unsound concrete or masonry 
should be removed by chipping with pneumatically-operated gads, followed 
by dressing down to a sound, newly exposed surface utilizing a bush hammer 
or wire brush, followed by scouring with water and compressed air jet to 
assure removal of all loose particles. Where exposed structural or reinforcing 
steel is too corroded to assure a secure bond, the corrosion should be removed 
by sand-blasting. For this purpose, the shotcreting equipment may be 
used. 

To facilitate bond, the cleaned surface should be moistened not more than 
tn hour prior to placing of shotcrete. This may be accomplished with the 
nozzle by stopping the flow of material, then scouring the surface with an 
air and water jet and finally with an air jet alone to remove surplus water. 
Drainage 

If the surface to be shotcreted is wet from leakage, drain pipes must be 
placed early enough in advance of the shotecreting to entirely remove the 
seepage, leaving the surface in approximately the same condition as if moist- 
ened as hereinabove noted. (Where structures are subject to freezing, all 
leakage should be stopped before shotcrete is placed.) 

Reinforcing 

Reinforcing for new work that is to be shotcreted should be accurately 
placed in accordance with the drawings, and so well secured in position that 
no displacement may occur during shotcrete placement. 

For repair work, standard reinforcing steel may be welded to other ex- 
posed steel within the proposed repair, or may be grouted securely into drilled 
holes in the common manner of placing anchor dowels. In drilling dowel 
holes, care should be exercised to avoid damage to existing reinforcing steel. 
Spacing of steel reinforcing will depend on the location, nature and extent 
of the repair, and should be shown by drawings. Wire mesh or fabric may be 
used as suited to the repair. Mesh or fabric should be anchored either by 
dowels grouted in drilled holes in concrete, or by secure wire ties to other 
steel. The full area of mesh or fabric should be held firmly in the position 
shown by the drawings, either by iron wire ties (No. 16 or No. 18), by wire 
chairs, or by other “furring’’ methods. 

Reinforcing should not be less than 14 in. from the surface against which 


the shoterete is to be placed, and there should be not less than *4 in. between 


the reinforcing and the final surface of the shotcrete. 
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teinforcing steel bonds should be lapped 40 diameters. Good practice 
laps mesh and fabric at least one full mesh. Laps should be tied with No. 
16 or No. 18 wire at 12-in. spacing. 


Forms and ground wires 

Wood forms, where required for support of the full weight of shotcrete, 
should conform in workmanship and material to supporting forms for con- 
crete, but should be so designed as to permit the escape of placing air and 
rebound. Wall forms need be placed for only one side of the wall. 

Adequate ground (gaging) wires should be used to establish the thickness, 
surface planes, and finish lines of the shotcrete. 


Ground wires should be taut, secure, and true to line and plane. 


Proportioning 
Except for special work requiring other mixes, the mix should be one part 
cement to from 4 to 4.5 parts moist sand, volumetrically batch measured. 
With leaner mixes, the percentage of rebound increases materially. 
Mixing 
The minimum mixing time for each batch should be stated in the specifi- 
cations but should be not less than 114 minutes after the sand and cement 
are in the drum, when the drum rotates at a peripheral speed of about 200 
ft per minute. Each batch should be entirely discharged before recharging 
is begun. 


The mixer should be cleaned at regular intervals (at least once every 8-hour 
shift) thoroughly enough to remove all adherent material from the mixing 
vanes and from the drum. 

No water should be added to the mix after mixing and before using in the 
gun. Mixed material that has stood 45 minutes without being used should be 
rejected. Remixing or tempering should not be permitted. 


Sequence of application 

Providing rebound is properly cleared away from his work, the nozzleman 
may work from bottom to top, or vice versa. Corners should be filled first. 
Shooting” should be from an angle as nearly normal to the surface as prac- 
ticable, with the nozzle held approximately 3 ft from the work (except in 
confined spaces where working room is cramped, where local conditions must 
control.) 

If the flow of material at the nozzle is not uniform, and. slugs, sand spots, 


“c 


or wet “sloughs” result, the nozzleman should turn the nozzle away from the 
work until faulty conditions are corrected. Such defects should be cut out 
and repaired as the work progresses. 

Shotcreting must be temporarily suspended if: 


1. High wind occurs which separates the cement from the sand at nozzle; 


») 


Weather approaches freezing and shotcrete cannot be protected; 
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3. Rain, other than a very light sprinkle, occurs, otherwise cement is washed 
out of fresh material. 

For best results, shotcrete work should be closely inspected during place- 
ment. 

Time between coats 

The time interval between successive applications in sloping, vertical, 
or overhanging work must be sufficient to allow initial, but not final, set to 
develop. At the time the initial set is developing, the surface should be 
lightly and carefully broomed to remove any laitance and provide a better 
bond with succeeding applications. 

Construction joints 

Construction joints, or day’s work joints, should be sloped off to a thin, 
clean, regular edge, preferably at a 45-degree slope. Before placing the 
adjoining work, the sloped portion and adjacent shotcrete should be thoroughly 
cleaned as necessary, then wetted and scoured with an air jet. 

Surface finish 

On completing any surface, the nozzleman should bring the shotecrete to 
an even plane and to well-formed corners by working up to the ground wires 
or other thickness or alignment guides, using somewhat lower placing velocity 
than normal. 

If screeding (or rodding) is permitted by the specifications, such work 
should be done with a thin-edged screed working up against gravity and by 
a slicing motion to trim off high and expose low spots. A thin finishing or 
flash coat may be applied to remove rough areas after the ground wires have 
been removed; or the flash coat may cover the ground wires. 

If a float finish is permitted, the final surface should be lightly rubbed 
with a flat burlap or rubber pad, with circular or spiral motion. No hand 
patching should be allowed. 

If a trowel finish is desired as in water channels, the steel troweling should 
follow careful screeding in order that wave-free smooth surfaces may be ob- 
tained with the least trowel pressure. Troweling should be done not more 
than one hour after placing. " 

Integral waterproofing 

No admixture should be used unless it is impossible to obtain sufficient 
fines in the sand, in which case an accepted admixture up to 3 percent of the 
volume of cement may be used. In cases (such as hazardous tunnel and 
sewer lining) where a quicker set is essential than can be obtained from the 
use of high early strength cement, the use of calcium chloride up to 3 percent 
of the weight of the cement has been used successfully. The calcium chloride, 
if used, should be added to the mixing water in measured amounts. 

Protection from severe weather 

Shoterete should not be placed on a frozen surface nor during freezing 

weather. As far as possible, “shooting” should be done only in weather when 
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it is anticipated that the temperature during the following 24 hours will 
not drop below 32 F. 

When shotcreting must be done in freezing temperatures, a sufficiently 
large area to accommodate the work should be closed in by canvas or similar 
material, and the enclosure should be heated so that the surface to be shot- 
ereted will be above 32 F when placing is started. The ambient temperature 
at the work should be maintained above 32 degrees for not less than seven 
days. Where placing is necessary in freezing weather, the use of high early 
strength cement is desirable. 

Extreme heat, especially when accompanied by hot wind, will cause such 
quick dryout of a thin shoterete coating that cracking and separation may 
be severe. Under such conditions, the shotcrete, immediately upon comple- 
tion, should be covered with burlap or similar covering, which must be kept 
continuously moist for 14 days after shotereting. 

Curing under ordinary temperatures 

As soon as the fresh shotcreted surface shows the first dry patches, a fine 
spray of water should be applied to keep it moist. After the surface has 
hardened, it should be kept moist for seven days. 

When the sealing compound method of curing is used, the shotcrete sur- 
face should first be sprayed with water; then, directly after, two coats of 
the sealing compound should be applied. If the shotcrete is exposed to the 
sun, and the sealing compound is black, the application of sealing coat may 
be followed by one coat of whitewash. 

Tests 

Test cylinders should be taken so that they will represent the quality of 
the shotcrete being placed in the structure by each nozzleman, if more than 
one nozzleman is used. Each cylinder should be dated, numbered, and the 
name of the nozzleman noted with the stage of work in the structure. 

Test cylinders should be made by shooting shotcrete into a mold of hard- 
ware cloth (#4-in. metal mesh) to make cylinders 6 in. in diameter and 12 in. 
long. The excess material outside the mold is trimmed off with a sharp 
edged trowel. The open mesh mold is used to permit the escape of air and 
rebound during placement and provides a cylindrical guide to trim to. About 
24 hours after making the cylinders, the hardware cloth form should be re- 
moved and the cylinders stored under moist curing conditions at approximate- 
ly 70 F until tested under A.S.T.M. Designation C 39-42. The tests at the 
age of 7 days-should develop a compressive strength of not less than 3000 
psi, and at 28 days not less than 4000 psi. 

Measurement 

For contract measurement purposes or for unit cost records, all flat work 
that is continuously of fairly uniform thickness should: be measured by the 
square foot of the minimum required thickness. Irregular shaped work that 
has little continuity in any major direction should be computed in approximate 
cubic feet. 
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It is sometimes desirable, on irregularly shaped work, to use as a basis 
of payment the number of sacks of cement that have been run through the 
gun. 

Protection of adjacent surfaces and clean-up 

During progress of the work, where appearance is important, adjacent walls 
floors, windows, or any other parts of buildings, ornaments, or grounds which 
may be permanently discolored, stained, or otherwise damaged by dust and 
rebound, should be adequately protected and, if contacted, should be cleaned 
by early scraping, brushing, or washing, as the surroundings permit. Canvas 
covers should be placed over’ all equipment which may be injured by cement, 
dust or water. The same applies to shrubbery. 

Inspection 

Because of the importance of workmanship affecting the quality of shot- 
crete, in addition to continuous inspection during placing, all flat surfaces 
may be sounded with a hammer to detect inadvertent inclusion of rebound 
or the presence of hollow spots. Any imperfections discovered should be 
cut out and replaced with sound shoterete. 
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A direct, rapid and accurate design method elimi- 
nates time consuming “trial and error.” 


Determining Optimum Cross Sections for 
Prestressed Concrete Girders* 


By FRED J. UZIELT 


SYNOPSIS 


General solutions are presented for selecting economically optimum cross 
sections for prestressed concrete flexural members. Such a solution for simply- 
supported girders of rectangular cross section, for any span and load, assum- 
ing the wires prestressed after setting of the concrete and full dead weight 
to act during the prestressing operation, leads to a design procedure which, 
in the case considered, is extremely simple and rapid to apply. It also permits 
comparisons and studies related to the critical cross section to be made in a 
more general and conclusive manner. For cross sections other than rectangu- 
lar, the number of variables making the solution more indeterminate in na- 
ture, a similar direct solution is not obtainable. However, a rapid way of 
obtaining the minimum areas of concrete and steel required is suggested. 


INTRODUCTION 


The increasing use of prestressing makes the designer of prestressed struc- 
tures aware of the need for fast and accurate methods of selecting the economi- 
cal cross section of the prestressed members. Although prestressing has been 
used to eliminate cracks in tanks, pipes and other structures, its primary 
advantage lies in the possible economy in materials derived from a reduction 
in cross section. Flexural prestressed concrete structural members are today 
economically feasible, provided high quality concrete and steel are at hand, 
when the size of the job or the duplication of the members to be prestressed 
is large enough. 

In these cases, a fairly accurate knowledge of the economically optimum 
solution is desirable. Even when the design is based on elastic behavior of the 
members under working loads and a eriterion of allowable stresses, the de- 
signer may have a choice of several spans, depths and shapes of members 
and for each case will have to analyze a number of cross sections before satis- 
fying his stress requirements. Even then he is not sure of getting the best 

*Received by the Institute June 26, 1950. Title No. 17-13 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Instirute, V. 22, No. 3, Nov. 1950, Proceedings V. 47. Separate prints are available at 35 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Mar. 1, 1951. Address 18263 W. MeNichols 
Rd., Detroit 19, Mich. 
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design, since a rearrangement of steel and cross-sectional dimensions may 
result in a more economical member, while stresses are kept the same. The 
difficulty in rapidly determining the optimum solution lies, of course, not in the 
interpretation of the basic elastic formulas, but in the increased number of 
variables and critical conditions. 

It is the purpose of this paper to interpret. the fundamental formulas in 
such a way as to make the direct design—in the case of rectangular cross 
sections—or the knowledge of the minimum quantities of materials required— 
for the general case—possible, without the need of analyzing trial sections; 
to show the interdependence of the variables and given quantities and study, 
in general form, phases of the design of a girder, related to its critical cross 
section. 

In simply-supported girders prestressed after setting of the concrete, 
critical stress conditions normally occur at top and bottom fibers of the mid- 
span section, (a) immediately after prestressing and (b) on application of full 
live load with the prestressing force having reached its minimum value. A 
sufficient load factor at failure must also be obtained and this may be accom- 
plished by a conservative selection of allowable stresses at the full load con- 
dition. The position of the cables throughout the length of girder must be 
made such that the midspan stresses are not exceeded at other sections. 
Shear stresses and resulting diagonal tension, as well as deflections, must be 
within safe limits, but will not be found in general to control the selection of 
cross section. This selection, therefore, is primarily governed by the condi- 
tions set above. 

On the usual assumptions of elastic behavior and letting gravity loads—7.e., 
dead weight of girder—act during prestressing, the conditions required are 
expressed algebraically by: 


Yi r 1 
Pe - — — M— Shr. (1) 
I A po 
Ye P Ye ‘ 
Pe* + — M.— 3 fi. (2) 
I A I 
Un r a - 
nPe ° +n + (M, + Mw)—S fe (3) 
I A I . 
Yeo r Y2 
—nPe * n + (MV, + Mw) Sf’: (4) 
I A I ° 
Where 
P Total initial prestressing force 
A Area of concrete section 
€ = Kecentricity of e.g. of cables from c.g. of section 
Yi Distance of top fiber to c.g. of section 
yo = Distance of bottom fiber to c.g. of section 
I Moment of inertia of section é 
M. Maximum moment due to dead load 
My = Maximum moment due to live load 
n Coefficient of maximum prestress loss 


Si, Allowable compressive stress at prestressing 





an 


or 


950 


lay 
She 
the 
- of 


; in 


‘OSS 


ns; 
dy, 


‘OSS 


ate, 
1id- 


full 


ym- 
on- 

be 
ms. 

be 
1 of 
idi- 


are 





PRESTRESSED CONCRETE GIRDERS 199 
tt Allowable tensile stress at prestressing 
f’. = Allowable compressive stress under full load 
f’: = Allowable tensile stress under full load 


Note: fi, f’: are positive when tension; f., f’. when compression 


RECTANGULAR SECTIONS 


If cable holes are neglected 


Yi Ye 6 
oe te... (5) 
I I Ah . 
and 
h 
ak tal . (6) 
Where 
h = depth of girder 
a = distance of c.g. of cables to bottom fiber 
Let 
WW = uniform load per foot-length of girder 
w = specific weight of concrete 
L = span of girder 
The first of the original conditions may be written 
h 6 P AwL* 6 
pr (G- ) _—— = -X = She... (7) 
2. “JAh A 8 a , 
or 
Pr ( **) Sok? _ , 
2-— _ ft Seer ‘ (38) 
A h 4h . 
Similarly, the other conditions may be written 
P 6a 3wL? : 
1 — - St ee (9) 
A h th ; 
5 6 30h?  . 3WL? 
n (2 _ *) + —— + =~ sf. (10) 
A h 4h 4Ah 
“( “*) 301? 3WL? 
—% i-— A EEC iiciss sae chashaskeaemen aseen See 
‘A (f° a * a 


These conditions assume that the e.g. of cables is below the lower third point 
of the section or 


. Ss iedmeemnmiataabeninastieGeies sees (12) 


The unknown quantities in the conditions above are A,P,a and h. It may 
be shown that the four conditions cannot be equated simultaneously. For 
instance, if Eq. (8), (9) and (11) are equated, by subtracting member to 
member (8) from (9): 


P 
2 i =fe—fe 
and Eq. (10), by subtracting membeis of Eq. (11), becomes equivalent to 
2n 7 af.e-—J'e 
: ie . 


and therefore to 
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ui: ~ Jo GI. = fin... s5. Peo caee eto oe 
which depends entirely on the given quantites and is not necessarily an equa- 
tion. 

A maximum of three of the four original conditions may then be simul- 
taneously equated. Since the depth of girder is often controlled by considera- 
tions other than structural economy, such as architectural or clearance re- 
quirements, h will be considered known or assumed in any particular case. 

Within a range of the given quantities, which will be defined, equating 
conditions (8), (9) and (11) will always give simultaneously minimum values 
for P and A, for any given value of h. Assume that smaller values of f:, f. and 
f’: were needed to equate these conditions. Solving for A and P, the follow- 
ing values are obtained: 


3WL ; 
A=- ae m - —— (14) 
A(nf. + f'dh — 30L? (1 — n) 
3WL? (f. — fi) 
P =- : : (15) 


8 (nfo + f’Dh — GwL? (1 — n) 
By inspection it is seen that A varies inversely with f, and f’; and P inversely 
with f, and f’;.. P also varies inversely with f, when 

ar . 


df. 


0 


which may be written 

(1 — n) 30h? — 4h (nf: + f's) 2 0........... , aang en 7 ; (16) 
When this condition is satisfied, the maximum values of f., fe and f’: must 
be used to give minimum A and P values, therefore the allowable stresses 
must be used in equating conditions (8), (9) and (12). 

The design procedure suggested is therefore to solve for the values of A, P 
and the position of the cables, a, by selecting a depth of girder, h, and using 
Eq. (8), (9) and (11). Letting for convenience 

3el7 fi a n 
k= ih > q= fi ; eo fe ia rae aaeia ae . (17) 


the values A, P and a are 


MW | 
A =—xX : -. “ (18) 

5) n q 

(1 n) 
k 

f : 
pik ad) | S. ee era (19) 

2 

h 

a= X (1 — 2q — k) ; , (20) 

3(1 q) 


This solution is subject to conditions of Eq. (12), (13) and (16) which may 


’ 


now be written 


Bt 6 Oik.85. : ads . . (12a) 
¥ nfe—fid +f'r.. paken 4 baucguneteix . . (18a) 
6} n)k (ng + ¢') 2 0..... oe eee eee ia ai 


Considering the above conditions for their practical significance they will 


be found to apply to the great majority of applications. In application, con- 
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dition (12a) need not be checked provided the c.g. of cables is below the lower 
third point of the section determined. Condition (13a) may be used to find 
the actual stress under full load and checking it against the allowable stress, 
as illustrated in the example following. Condition (16a) is sometimes not 
satisfied and an alternate solution is then required if the minimum value of 
P is to be obtained. However, the possible reduction in steel is small, while 
the concrete section has to be increased manyfold from its minimum value as 
obtained from Eq. (18), therefore, the alternate solution will be found of little 
practical importance and will be omitted in this presentation. 

The majority of problems can be solved by Eq. (18) to (20). These can 
for convenience be put in the form of simple graphs or nomographs, the 
number of variables having been reduced to a minimum. 

It will be noted from consideration of these equations that the maximum 
h will result in smaller A and P in an almost linear relation. This should be 
one of the considerations in the selection of the depth of girder. The linearity 
of the relation permits the approximate determination of A and P for any 
depth of girder after the equations have been once applied for any one value 
of h. 

The position of the cables as defined by Eq. (20) is not always practical. 
The value of a may sometimes be negative or too small to place the cables. 
The minimum acceptable value of a must then be used for an optimum solu- 
tion. The value of A does not have to be changed since equating simul- 
taneously Eq. (9) and (11) eliminates both P and a. The value of P has to 
be increased to a value: 

at st ee hake npeae (21) 
2h — 3a’ 
where P and a are the values computed from Eq. (19) and (20) and a’ is the 
corrected value of a. The increase of P required is ordinarily small. 
Example 

To determine the optimum rectangular cross section of a simply-supported 
prestressed concrete girder of 80-ft span with a uniform load of 1 ton per ft, 
the following stresses being allowed: f. = 2000 psi (comp.); f; = 150 psi 
(ten.); f’. = 1800 psi (comp.); f’s = — 100 psi (comp.) Also given: Allow- 
able wire stress = 150,000 psi; 15 percent maximum loss of prestress, or 
n = 0.85; depth to span ratio, 1/16, or h = 5 ft; wires of 3/16-in. diameter 
to be used, as = 0.0276 sq in. 

The actual stress f’. is found from Eq. (13) and checked: 

tf’. = 0.85 (2000 — 200) — 100 = 1430 < 1800 
Compute constants from Eq. (17): 


3 X 150 X 802 : 150 _ — 100 ; 
== = 0.50 ; q= — = 0.075 ; q’ = = 0.05 
1 xX 5 X 2000 X 144 2000 2000 
From Eq. 18: 
2000 Xx 1 9.18 7 
= = Y.1Ssgqt 
150 ~ 0.85 — 0.05 , 


—— — 0.15 
0.50 
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From which the width b of section required is found: 


9.18 , P 
b = — X 12 = 22.04in. ; say b = 22 in. 
5 
From Eq. (19): 
2000 | Aa 
~=- > -(1 — 0.075) XK 22 X 60 = 1,220,000 Ib 


From which the number of wires required may be found: 
: 1,220,000 
Number, = —————— = 294 wires 
150,000 X 0.0276 
To locate the cables from Eq. (20): 
5 X 12 - ‘a re war's 
q=- ——— X (1 — 0.15 — 0.50) = 7.56 in.; say a = 714 in. 
3(1 — 0.075) 

For the sake of illustration, assume that 7.5 in. is not enough to place the 
294 wires and that 9.5 in. is the minimum distance from bottom fiber at which 
the c.g. of an anticipated number slightly greater than 294 may be placed. 
The same concrete section must be used, but the value of P and therefore the 
number of wires must be changed according to Eq. (21): 


2 X 7. 
Number. = 294 X -= 313 wires 
xs 


Design formulas Eq. (18) to (20) neglect the openings for cables, an error 
being introduced in the stresses which in many cases is negligible, or may 
become appreciable in others. The increments of stresses due to cable holes 
may be estimated after one design and subtracted on the second design from 
the stresses f., f:, f’: to be used. These increments may, however, be known in 
advance, provided the value of 


Area of cable holes 
( bbae wed _— ‘ ae (22) 


| ie i Geese ae 


is known. The value of ¢ is approximately constant for a particular type 
of cable and is about 2.5 percent. By considering the displacement of the 
c.g. of section due to the reduction of area by cA, the increments which should 
be added algebraically before these are used in Eq. (18) to (20) may be derived 
and are found to be: 


9 

Af —ck (2 + k)f (23) 
| 

Af —eU +k k*) f (24) 
2 

Af’ -— ne a) Or ee eee iiaivasdusen rane acl uwr aa oe e(e0) 


3 
The value of k may be computed from Eq. (17) on the basis of the given 
allowable f., or if more accuracy is required, on the basis of the corrected f, 
on second evaluation. In the case where the cable holes are grouted after 
prestressing, only corrections for f, and f; by Eq. (23) and (24) are required. 
The application of these corrections may be illustrated in the example 
previously solved, assuming that c¢ = 2.5 percent is representative of the 
assembly of wires used. 
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9 
fe = — =X 0.025 X 0.50 (2 + 0.50) X 2000 = — 42 psi 
o 
4 P - . 
fe = — — X 0.025 (1 + 0.50 + 0.25) X 2000 = — 117 psi 
vo 
2 


f': = += X 0.85 X 0.025 (1 — 0.25) K 2000 = + 32 psi 


w~ 


The design stresses must then be: 
fe = 2000 — 117 = 1883 psi 
fi: = 150 — 42 = 108 psi 





fc = — 100 + 32 = — 78 psi 
The solution based on these stresses is: 
k = 0.53; q = 0.0574; q’ = — 0.0414; A = 9.70 sq ft; b = 2314 in; 
P = 1,240,000 lb; number of wires = 300; a = 744 in. 
the Other types of loading 
hich So far, girder design under uniform load has been considered. However, 
ced. Eq. (18) to (20) may be applied to any other type of loading if W is taken as 
he the equivalent uniform load, provided the maximum live load moment occurs 
| at or near the center of the span. For girders of varying depth, the derived 
| equations have to be altered by changing the value M,. Similarly, for cases 
where dead load is not assumed acting during prestressing, 1/7, = 0 must be 
sisal used in the first two original conditions given in Eq. (1) and (2). 
may 
il Slabs . 
ain The design of one-way prestressed slabs can be made readily by solving 
= te Eq. (18) where A = bh = h per foot-width of slab for h, using W as the live 
load per sq ft of slab. The optimum depth of slab required is then given 
by: 
. (22) i(nf.e +f’) h? — (1 — n) 30L*h — 3WL? = 0 ; (26) 
7 where length units are in feet. For an approximation: 
Cc 7 
the h = : i ; (26a) 
yuld 2 \ nie t+- ft 
ived The value of P is then found from Eq. (19), the location of cables by Eq. (20). 
Example 
(23) To design a slab of 40-ft span, with a 150 psf live load and the same allow- 
able stresses as in the previous example. The optimum depth is found from: 
(24) 1 X 144 (0.85 X 2000 — 100)h? — (1 — 0.85) X 3 X 150 X 40’ — 3 X 150 X 40? = 0 
1.28 h? 0.15h —1=0 
(25 h = 0.945 ft say h = 11%% in. 
<0) 2000 a . 
r a (1 0.075) X 12 & 11.375 = 126,000 lb per ft 
ven 2 
df : ro 126,000 . ‘ Pa 
-" Number of wires — — = 30 wires per ft; a = 314 in. 
fter 150,000 X 0.0276 
* LOCATION OF CABLES 
the Contrary to conventional girders, a change of cross section along the length 


of girder is done of necessity, rather than for structural economy only, to keep 
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fiber stresses along the girder within the allowable limits. An important 
incidental advantage is the reduction of shear stresses which may be obtained 
by proper placement of the cables. 

There are three ways of providing for the decrease of moments toward 
the supports: (1) bending up the cables, (2) decreasing the girder depth 
toward the ends, and (3) decreasing length of cables and bending up at in- 
termediate points. These methods have been used separately or in combina- 
tion with each other, each having different advantages. The last method 
has the advantage of possible reduction in steel and of better control of shear 
stresses. However, the complication of detailing, the difficulty of anchoring 
cables at the top face without destroying appearance and usefulness and the 
loss of prestressing due to friction of cables are its principal disadvantages. 
Varying the girder depth has the advantage that straight cables may be used, 
friction losses eliminated and placing of steel is easier. However, formwork 
is made expensive, the method being better adaptable to precast members. 
The more common procedure is the bending up of cables, which will be con- 
sidered in more detail. 

When cables are made parabolic for a girder of uniform cross section sub- 
ject to uniform live loads, all fiber stresses along the girder are safe. This is! so 
because these stresses may be expressed, under dead load, as: 


P y 
=z — + (Pe Sr ; (27) 
A 
and under full load as: 
nP y ali 7 Pe) (98) 
A I Mae aiy nre oe P Ze 


The values of n,P,A,y and J are constants throughout the length of girder, 
while the values under parenthesis are composed of members varying para- 
bolically from a maximum at mid-span to a minimum at supports. The 
magnitude of the top and bottom fiber stresses will therefore vary para- 
bolically from a maximum at center to a minimum at supports. It is not, 
however, required that the bending-up of cables be in parabolic form. If 
e’, M',, M’w are the eccentricity of cables, the dead load and live load moment 
at any section, respectively, it is-required and sufficient that: 


Pe’ M’., = Pe oe : ; (29) 
MW’, + M'y nPe’ = M, + My nPe . ..- @&) 
or that 
. ae = . 
M. M’. = P ( e) 3 ; (31) 
; n 
The maximum value of » must be used for a critical condition: 
M., — M', S P (e — e’) S (M. + Mw) — (M’. + M’w)........ (32) 
This condition can best be represented graphically, by drawing to a con- 


diagrams,’ so that their apexes coincide. 


M. + Mw 


, M. 
venient scale the - and 
P 


M.+ My 


When moving live load is used, the maximum - must be used. A 
> 
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reference line may be drawn to the same scale at a distance e from the common 
apex. The condition above is then represented by the hatched area, within 
which the e.g. of the cables must be kept (Fig. 1). 

For girders of rectangular cross section selected by optimum design, con- 
dition (32) can also be expressed algebraically. For cases where f; = f’: = 0, 
by substitution of Eq. (17) to (20): 


z\* 3 (e-—e’) z\? 
Kai 2 S- — £(1 + k){ 1-2 (33) 
L h L 


which allows the immediate computation of maximum and minimum posi- 
tions of the c.g. of cables at any section x distance from the supports. 


SHEAR STRESSES AND DIAGONAL TENSION 


The case of a simply-supported girder of rectangular uniform cross section 
with the e.g. of cables running parabolically from an eccentricity e at mid- 
span to 0 at supports will be considered. 

The shear force due to prestressing at supports is of opposite sign to shear 


, ' — << ae 
forces due to loads and its minimum value is ——- The total shear at supports, 


4 


under full uniform load is 






: W + wA inP¢ 
V = -L —-- er Seid (34) 
2 L 
The maximum unit shear at center of the section at supports is 
3V 3 /W . 6nPe ” 
9 = = = =e L sa og ° . (35) 
24 4\X\A AL 
The superimposed compression is 
P 
c a= (36) 
A 
Assuming f; = f’, = 0 and optimum design 
P i W n h 
- = - 4 - w P—1tm) 5 e=— (42K) 
A 2 A k 6 
Substituting in Eq. (35) and (36) 
nfch Te 
v= > ¢=zR— 
2L 2 
| 
“F 
Mo + My 
TF Selected P 
cable location 
Me 
Pp 
= - ah de 
Fig. 1—Diagram for locating 7 


cables 
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The principal tension is 


842. _%[ Fy po 
a “i 4 = = omens = : ° os ‘ Tere 
Pe \ U 4 2 { \ L? a 


Similarly, at prestressing: 
3 6Pe fh 
v= wl - 7 “2 
4 AL 2L 
8 


9 


fi 1 th? , Eo 9 
Pe je 4 J l ‘ : ree wa : na (53) 
alyutt-1] 


which is the critical principal tension. 

Since the allowable diagonal tension is normally specified as a percentage 
of compressive stress, it is seen that the depth-span ratio is the only facto 
affecting the magn tude of the tensile principal! stress. 


-_ 1 7 
For ] -= i0 : pe = — 0.005 f. 
. oh ] . 
For 7 -= 20 pe = 0.0012 f. 


These stresses are safe for any concrete since the allowable diagonal tension 
may be about 2 percent of the crushing strength, or about 5 percent of /., 
while the computed stresses are smaller. Principal stresses at other points of 
the section at supports are smaller since the unit shear is smaller while ¢ is 
the same. They are also smaller at center points of other sections along the 
length of girder since ¢ is the same while v varies lineally from its value at 
supports to zero at center. If other allowable stresses jf’; are used or the 
cables deviate from the exact parabolic position the shear stresses are some- 
what different but remain in the same range. 

It may be concluded that for a girder of rectangular cross section, selected 
by optimum design and with steel near a parabolic position, shear stresses 
are safely carried by the concrete and no shear reinforcement is required. 

DEFLECTIONS 

Assumptions similar to those of the previous section are made. The eccen- 

tricity of steel at any section x distance from the supports is 


te 
e’ X (L —2z)2z ii ue (39) 
L? 
Similarly the bending moment under full load is 
tr (L x) 
M,. = x (iM. T My nP ee (40) 


L* 


For optimum design: 


Aw +W nf, h 
M. + Mu nPe = L? ee 4 (1 + 2k) 
8 2 “6 
Anfh MW fh 
- ; (41) 
12 12w l l 
I 
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The influence of n is small in the above expression and n = 1 may be taken 


as an approximation, from which 
re yo ee cin OE on 
M,. + Mwy nPe = ah fh = oo" ‘ ; 2 


12 





The maximum deflection is therefore 


, aa (L — 2x)d (43) 
~~ = — —2(L —x)dz....... wee ll 
EI _ « wane : 


Solving the double integral, the constants of integration being found from 
equating to zero the slope at mid-span and deflection at supports 
5WL 
Omazr = — > : ‘ ' . (44) 
768EI 
The deflection due to live load may be found similarly and is twice the 
Under dead load and prestressing the girder has therefore an 


value above. 
upward deflection equal to the final downward deflection under full load 


expressed by Eq. (44). 
COMPARISON OF PRESTRESSED AND CONVENTIONAL GIRDERS 
Respective quantities of materials for prestressed and conventional girders, 
for any given span and intensity of applied load, will be compared on the 
basis of rectangular cross sections of same depth, assuming that the same 
compressive stress and no tension are allowed. The effect of plastic flow and 
shrinkage are neglected for the conventional section design, which will be 


based on ACI procedure. 


' 30,000 30,000 13,500 
Modular ratio 2S ; _—— 
Ult. comp. str. I f 
0.45 
or mf. = 13,500 
The position of the neutral axis is given by: 
I 13,500 
ky ; aaa” —— 
f. f, + 13,500 


mf, 


The sum of horizontal forces gives: 


l 
Agfs — fkydb (45) 
: 3° 
where d, the effective depth of reinforcement, may be written: 
A ; 
d rh r=. (46) 
b 
The sum of moments about the neutral axis gives: 
(47) 


kid WL? Awl? 
Af. ( hat ) ; | 
, 3 8 8 
Substituting the value of A, f, frofn above and solving for A: 
' W x 1 . 
: w 10,500 (f, + 9000) _ r? 
— xX—-1 
(f. + 13,500)2 k 
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3aL? ene . 
where k = “Ua For f, = 20,000 psi: 
tn 
W 1 
A=— xX 
w 1.048 r? 
k 
The value of A, is then found from substitution: 
Ww f. l 
A,=-—xX x = (48) 
w 10,000 2.59r 2.48 
k r 


These expressions are similar to the ones derived for prestressed members 
and for equal L,W,f. and h may be compared directly: 


nm 
. . . l+n 
Concrete area, conventional k 
R, = ———— / - ——— (49) 
Concrete area, prestressed 1.048r? 
k 
nm 
. . s -=— i +n 
Steel area, conventional f. (prestr.) k o 
R, = — : = * (50) 
Steel area, prestressed 20,000 2.59r 2.48 
k r 
The value of r is made as great as possible and is about 0.90 to 0.95. For 
these values and n = 0.85, the ratios (49) and (50) are respectively: 
0.85 — 0.15k 0.85 — 0.15k 
R. =- ee . and ae 
0.85 k 0.945 k 
f 0.85 — 0.15k 0.85 — 0.15k 
R, - — ad —— 
20,000 2.33 — 2.76k 2.46 2.61k 


These ratios are plotted in Fig. 2 for values of the variable k. With in- 
creasing values of W and L, more shear reinforcement is needed in the con- 
ventional design and the actual value of R, is increased. 

The important conclusion to be drawn from the diagram is that above k 
values of about 0.5, the comparison favors the prestressed girder. For values 
of k smaller than 0.3 the saving of materials may be not enough to overbalance 
the additional construction costs of prestressing. 


GIRDERS OF ANY SHAPE OF CROSS SECTION 

The selection of optimum cross section for J-, T-, box- or channel-shaped 
girders cannot be done readily by the use of direct formulas, the number of 
unknown variables making the problem indeterminate. It is, however, 
possible to arrive at the values of the minimum areas of concrete and steel 
required, without thé uncertainties and the tedious work involved in a series 
of analysis of trial cross sections. 

The original four conditions [Eq. (1) to (4)] contain six unknowns, P,A,e, 
yi1,y2 and L. Three equations may be written, since one of the conditions—Eq. 
(3) for ordinary values of the variables—depends only upon the stresses 
assumed. The solution is indeterminate, but by assuming the depth of 
girder and the ratio of P/A it is possible to solve for minimum P and A. 
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Fig. 2—Comparison between conventional and prestressed concrete rectangular sections for 
simply-supported girders 

Multiplying Eq. (1) by yz and Eq. (2) by y: and subtracting member to 
member: ° 


P 
a (yi + Ye) Yife — Yoh 


and since y; + y2 =h 
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solving for yz: 


ys = ——— Xh..... i : j 2+. 4a) 


+h 
ee ’ . Sess — . ‘ Y2 
Similarly by solving Eq. (2) and (4), eliminating the unknown quantity T 


— . Awl? 
and solving for A, letting M/, =- — —: 
: P 
a tages | (1 — nn) M. + Mu 
A = ———— x —— (52) 
.. nfe +f 
1 8 


It will be noted that the unknown value of VW, in the right-hand member 
is multiplied by (1 — n) which is about 0.15. Therefore, an estimated value 
of M., can safely be used for Eq. (52). It is also noted that for any given P/A 
the higher value of e will result in minimum 4A, therefore minimum P. The 
following procedure is therefore suggested for evaluating the minimum P and 
A required: 

The maximum h consistent with clearance or other considerations is se- 
lected. Reasonable values of P/A are then tried and yz computed from Eq. (51). 
The values of P/A should be of the order of f./2. The maximum probable ec- 
centricity is then estimated and values of A computed from Eq. (52), from 
which corresponding P values are found. By inspection of the groups of P 
and A values the optimum combination of P and A is found. 

The method outlined may be used in combination with the design of a 
girder of rectangular cross section to find whether or not it is advantageous 
to go to a more irregular shape. 

If the design of an irregular shape is attempted with minimum A and P, 
as found above, the required moment of inertia is found from Eq. (2) by 
substitution of ye: 


I = —— Xh.. bi ea: dpaiene ad nce .«« (68) 


The quantities A, J, h and the position of the center of gravity are the 
quantities solved and an elementary shape with four fundamental dimensions 
may be determined. For practical reasons, such as minimum web and flange 
dimensions, the optimum section thus found is not always practicable. 

The method outlined will be illustrated by application to the 80-ft span 
girder previously designed for a rectangular cross section. 

Example 

A wide range of P/A ratios is used for illustration, actually a smaller range 
but a larger number of ratios may be found appropriate. Computations are 
given in Table 1. 

The curves of the values of A and P are shown in Fig. 3 from which it may 
be seen that minimum A = 960 sq in. and minimum P = 970,000 Ib, in- 
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TABLE 1—DESIGN DATA FOR IRREGULARLY SHAPED GIRDERS 





P/A 
400 600 800 1000 1200 1400 
afer lb 1600 1400 1200 1000 800 600 
A’ 
y2, in.* 44.6 39.1 33.5 27.9 22.3 16.7 
*, int 39.6 34.1 28.5 22.9 17.3 2: 
P tt 15,820 20,420 22,770 22,900 20,750 16,410 
e, 1b 
P _ wh? lb 5820 10,420 12,770 12,900 10,750 6410 
‘ie see 
h=—P/A . ; 
aa 0.275 0.134 0.094 0.0775 0.0744 0.0935 
> — 
Pe/A— = 
1, sq in.§ 3560 1735 1216 1003 963 1210 
P, kips 1425 1040 974 1003 1160 1695 


* yo from Eq. (51). 
te by subtracting from yz the minimum estimated end distance of the c.g. of cables to the lower fiber. 
5 in, 
twL2 
8 


Taken as 


5 802 
2... yy 4 
' 8 X 12 
§ From Eq. (52) where: 
12 . 
Mw = 2000 X 802 X “Bix 19,200,000 in.-Ib 


0.15 X 1000 
approx. 0.15 — 
a 144 
Assuming 1000 sq in. area of concrete—smaller than the rectangular area required of 1320 sq in. 
(1 — nn) Mw + Mw 1,500,000 + 19,200,000 - ‘ 
—_.. - - =- ——— — - = 12,950 cu in, 

nfe +f't 0.85 X 2000 — 100 


9 
(1 — n) Mo = xX 150 X 802 X < = 1,500,000 in.-lb 





stead of 1320 sq. in. and 1,220,000 lb, respectively, obtained with a rectangular 
cross section. The two minimum values for A and P are not, however, simul- 
taneous and the designer must select the optimum P/A ratio from practical con- 
siderations. For instance, it may be practical to use 260 wires, which corres- 
ponds to a prestressing force of 1,080,000 lb. From the curves it is found 
that P/A = 1120 psiand A = 965sqin. The required moment of inertia of 
the section is then found from Eq. (53): 


965 80? 
1,080,000 K 19.5 — 744 xX 150 X- Q xX 12 


° ~ xX 60 = 370,000 in. 
2000 — 150 


CONCLUSIONS 


For simply-supported prestressed girders of rectangular cross section, a 
general solution was expressed from which it is possible to find the least areas 
of steel and concrete and the position of steel for any given span and load, 
provided the allowable stresses are known and the percentage of prestress 
loss assumed. One set of equations was found to be adequate for the majority 
of applications. The solution thus expressed .is found to be adequate for 
direct, rapid and accurate design, eliminating the need of “‘trial and error’ 
and permitting conclusive statements on shear stresses, etc., and comparisons 
of prestressed to alternate girders to be made in general form. 
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For the general case of prestressed girders of any shape of cross section, a 
procedure of establishing the optimum quantities was suggested: (a) To 
select the optimum combination of P and A, together with the required / 
and position of ¢c.g., from which a cross section may be derived. (b) To check 
the accuracy of cross sections designed by other methods which are approxi- 
mate. (c) To justify whether or not a cross section of irregular shape is 
appropriate. 

Consideration of the equations expressed for the case of rectangular cross 
section, permits the study of the effect of the variables and known quantities 
upon the economy of the girder. This has not been discussed in detail but 
an indication of these variations may be given. Both steel and concrete 
areas are found to vary approximately with the square of the span, with the 
intensity of live load and inversely to the depth of girder. The unit weight 
w of concrete will be found to have only a slight effect upon the cross section 
required, while the effect of n is great and increases with larger values of k 
and smaller values of q’. For example, for k = 1 and q’ = 0, the percentage 
saving in steel and concrete when n is increased from 0.85 to 0.90 is about 
15 percent, emphasizing that accurate knowledge of n is desirable. The area 
of concrete is approximately inversely proportional to the allowable com- 
pression f., which, however, does not affect” substantially the amount. of 
steel required. The effect of allowable tension is substantial in many cases, 
t.e., for k = 0.5, a change of f’; from 0 to 0.15 f. reduces steel and concrete 
required by 15 percent and for k = 0.8, by 17 percent. 
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Title No. 47-14 





Cheaper winter concreting made possible 
through use of steam curing 


Steam Curing Protects Winter Concreting* 


By C. O. CRANET 
SYNOPSIS 


The use of live steam for protecting newly placed concrete from freezing 
weather and for providing initial curing has resulted in excellent concrete in 
the Enders Dam spillway at no greater cost than less desirable dry heating 
methods. This brief paper describes in detail the methods used 


im 





Fig. 1—General view of the spillway stilling pool and left spillway channel 
wall showing the location of the 150 hp oil field-type boiler used to generate 
steam. The boiler was enclosed jn a temporary shack for the purpose of con- 
serving heat and improving the working conditions of the firemen, particularly 
those men working on the night shifts. Steam pipes leading from the boiler 
were boxed in straw for insulation. 


INTRODUCTION 
Enders Dam, on Frenchman Creek in the southwest corner of Nebraska, 
is being built by the Bureau of Reclamation as one unit of the Missouri River 
Basin Project. Much of the 48,000 cu yd of concrete required for the outlet 
works and spillway (Fig. 1) of this rolled earth-fill dam was placed during 
freezing weather. 

*Received by the Institute Dec. 5, 1949. Title No. 47-14 is a part-of copyrighted JouRNAL OF THE AMERICAN 
Concrete Institute, V. 22, No. 3, Nov. 1950, Proceedings V. 47. Separate prints are available at 35 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Mar. 1, 1951. Address 18253 W. MecNichols 
Road, Detroit 19, Mich. 


+Member American Concrete Institute, Engineer, Bureau of Reclamation, Enders Dam, Enders, Neb. 
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The use of salamanders on the Enders work during the winters of 1948 
and 1949 was not fully satisfactory. A considerable number of expensive 
tarpaulins were accidentally burned, together with some forms, leaving the 
concrete temporarily exposed. It was found difficult to maintain a uniform 
temperature over the entire concrete surface when salamanders were used. 
Often areas of the concrete near the salamander were hot (and dry) while 
other areas some distance from the salamander approached the minimum 
permissible temperature. Dry heat introduced a troublesome curing problem 
and was therefore not as desirable as the moist heat produced by live steam. 

The Bureau specifications require that concrete placed in freezing weather 
shall not be permitted to fall below 50 F nor rise above 90 F for the first three 
days, and that protection from freezing shall continue for the next 11 days. 
During the month of December, 1948, heating of the aggregates was unnec- 
essary to secure placing temperatures of 50 F or more. However, heating of 
the mixing water was required and two oil burning hot water heaters, having 
a combined capacity capable of raising the temperature of 3300 gal. of water 
50 degrees per hour, were used. One pair of water heating units was located 
on each of the two 34-cu ft mixers. 

Curing is inevitably involved in winter protection procedures, and either 
14 days of water curing or the use of an approved white-pigmented sealing 
compound* is required. Results with the latter are always improved by an 
initial period of water curing. Live steam applied during the initial period con- 
trolled both temperature and curing in a manner conducive to the development 
of excellent concrete. 


PROCEDURE 


Immediately after the concrete was placed and finished, the new concrete 
was protected by live steam as a means of temperature control as well as of 
curing. No effort was made to effect early maturity of the concrete by ex- 
cessive heat from steam. Only sufficient steam was released to maintain the 
concrete temperature above 50 F. Generally, this temperature ranged from 
50 to 65 F. These relatively low temperatures avoided the necessity of 
cooling the.concrete slowly after the steam was discontinued and minimized 
the danger of shrinkage cracks in the concrete resulting from subsequent 
temperature drops; furthermore, such temperatures were more favorable 
to the ultimate strength of the concrete than higher temperatures.¢ The 
steam also provided a uniform temperature over the entire concrete surface 
which is difficult to obtain with individual hot air heaters. Housing for the 
steam was made from old forms or a timber framework covered by tarpaulins 
and therefore inexpensive (Fig. 2). Drops in atmospheric temperature were 
readily compensated for by increasing the amount of steam generated. 


*Blanks, R. F., Meissner, H. S., and Tuthill, L. H., ““Curing Concrete with Sealing Compounds,”’ ACI Journat, 
Apr. 1946, Proc. V. 42, p. 493. 

+Tests at the Bureau of Reclamation Concrete Laboratory, Denver, Colo., have indicated that the ultimate 
compressive strength of concrete cured at lower temperatures is higher than that steam cured at high temperatures 
for similar short early curing periods. 
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Where the steam pipes passed over a newly finished concrete surface, a 
piece of burlap was laid over the concrete to prevent condensation from 
dripping onto the concrete and marring the finish. Usually the steam was 
discontinued on most floor slabs during the warm part of the day following 
placement, after which the concrete was painted with white-pigmented 
sealing compound for curing. After the sealing compound had dried, the entire 
block was covered with about one ft of straw (Fig. 3). Records show a 
concrete temperature of 50 F or more was maintained at all times where 
this amount of straw was used. It is believed that the use of live steam for 
temperature control for the first 20 hours or more was good procedure, afford- 


Fig. 2—The concrete for 
the top of the valve house 
superstructure, inclusive of 
the roof slab, was placed 
in one operation. This 
portion of the structure was 

. completely surrounded on 
the outside by a single 
live steam line with several 
openings along each of 
the four walls. After this 
preparation, the entire con- 
crete placement was se- 
curely wrapped in tar- 
paulins. 








Fig. 3—Floor slab sections with a portion of the downstream dentates 
in the stilling pool were steam cured for approximately 20 hours immedi- 
ately following concrete placement. After discontinuance of the appli- 
cation of steam, the surfaces were painted with a white-pigmented 
sealing compound and covered with straw. The straw was held in place 
by tarpaulins or burlap, weighted or tied down as shown in the photo- 
graph. Construction joints such as those shown in the photograph, 
where the steel is in place for the remaining portion of the dentate, were 
cured by wet sand buried under the straw. 
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ing excellent temperature and moisture control during the most critical period 
in the life of the concrete. Covering the concrete with straw subsequent to 
the early steam curing provided adequate protection against freezing at a 
minimum cost (Fig. 4). 


Fig. 4—View of the spillway 
stilling pool, looking upstream, 
showing completed upstream den- 
tates and a portion of the down- 
stream dentates under construc- 
tion. The newly placed concrete 
of the lower dentates is being 
protected by a covering of straw 
and burlap. 





On wall sections where large forms were involved the steam was applied 
at the outside of the form. The concrete was thus well protected and removal 
of the form was left to the contractor’s discretion. Wall sections were gen- 
erally steam cured for 72 hours or more and after removal of the forms, the 
concrete was painted with the white-pigmented sealing compound for further 
curing, and subsequently heated with salamanders to prevent freezing. 


CONCLUSION 


The contractor feels that on this job the use of steam was less expensive 
than the use of stoves or salamanders—all things considered. Moreover, 
indications to date are that with the steam protection and curing a con- 
crete was obtained that had greater freedom from shrinkage cracking than 
that placed in warm weather under “favorable”? conditions. The concrete 
placed and cured under the conditions outlined above when tested for dura- 
bility withstood over 1200 alternate cycles of freezing and thawing and had 
an average compressive strength of more than 4000 psi. 
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Title No. 47-15 





Continuous beams, with axes curved in plan, must be 
designed for both internal bending and twisting mo- 
ments in addition to transverse shear. 


Analysis of Continuous Circular Curved Beams* 


By BECLA VELUTINIT 
SYNOPSIS 


Continuous circular curved beams can be analyzed easily by the moment 
distribution method if both bending and torsional end couples are considered. 
Formulas and tables are presented for circular curved beams of constant 
cross section that give the relations between the end moments and end torques 
and the corresponding rotations of the end sections. A proposed method of 
procedure is illustrated in which the bending end couples are kept separate 
from the torsional couples. The mathematical operations are not difficult 
as the convergence is rapid, but attention must be paid to the sign convention 
which must be definite and easy to apply. 


INTRODUCTION 

Continuous beams whose axes are curved in plan are sometimes used to 
advantage in buildings and special structures. Such members will ordinarily 
be continuous and monolithic with the columns as, for example, spandrel 
beams of reinforced concrete buildings with curved exterior walls. 

The analysis of beams curved in plan differs from the ordinary analysis 
of continuous beams because of the torsional moments that are induced by 
vertical loads even though these loads pass through the axis of the member. 
Therefore, it is necessary to design such members for both internal bending 
and twisting moments as well as transverse shear. 

Formulas and tables are presented for circular curved beams of constant 
cross section that give the relations between the end moments and end torques 
and the corresponding rotations of the end sections. These relations have 
been derived from the expression for the total strain energy due to bending and 
torsion by means of Castigliano’s theorem. From these strain relations be- 
tween end forces and end rotations the familiar stiffness and carry-over factors 
of the moment distribution method are derived. In this problem, however, 
there are two stiffness coefficients (for moment and torque) and six carry-over 
factors which give the simultaneous change in all end moments and torques 

*Manusecript reccived by the Institute Oct. 7.1948. Title No. 47-15 isa part of copyrighted Jourwat or TH 
AMERICAN Concrete InstirutTe, V. 22, No. 3, Nov. 1950, Proceedings V. 47. Separate prints are available at 
35 cents each. Diseussion (copies in triplicate) should reach the Institute not later than Mar. 1, 1951, Address 


18263 W. MeNichols Rd., Detroit 19, Mich. 
+Member American Concrete Institute, Caracas, Venezuela, 8. A. (Former graduate student, Univ. of Michigan 
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for any end rotation. The use of the two stiffness coefficients in obtaining 
distribution factors and of the carry-over factors in determining the cor- 
responding changes in the other end moments and torques is illustrated by 
a numerical example. 


NOTATIONS AND ASSUMPTIONS 


The following notations are used: 
M = moment about radial axis. Its subscript indicates its location. The sign 
is positive if clockwise. 


T = torque. Its subscript indicates its location. The sign is positive if clock- 
wise. 

F = vertical force. Its subscript indicates its location. 

r = radius of curvature of the member. 

8 = angle spanned by the member. 

a = angular distance of any section of the member, measured counterclockwise 
from the support. 

E = modulus of elasticity in tension or compression. 

I = moment of inertia of the cross section of the member. 

G = modulus of rigidity. 


GJ = torsional stiffness. 


k = EI/GJ. 


» = angle of rotation due to bending. Its subscript indicates its location, its 
sign is positive when clockwise. 

¢ = angle of rotation due to torque. Its subscript indicates its location, its 
sign is positive when clockwise. 

A = vertical displacement. Its subscript indicates its location. 

q = vertical uniform load per unit length of beam. 

C,, = fixed-end bending moment coefficient. 


C, = fixed-end torque coefficient. 
The following assumptions are used in the solution: 
(a) Hooke’s law is valid. 
(b) The principle of superposition is valid. 
(c) The deformations due to the vertical shear forces are negligible. 
(d) The angle of bending per unit length of beam varies as M/EI. 
(e) The angle of twist per unit length of beam varies as T/GJ/. 
The value of k, which depends on the shape of the cross section, can be 
calculated for rectangular reinforced concrete beams in the following manner:* 
EI (2.25) Eb d3/12 
*= GT E bid 


d? 
k = 0.671 (: r ) 
b? 


b is the width, and d the depth of the cross section. 
E 
G 


3.58) (b* + d?) 


was assumed equal to 2.25. 


DEVELOPMENT OF EQUATIONS 


A beam curved in plan with end 6 free and end a held against any type of 
movement is shown in Fig. 1. 


*See “Design of Reinforced Concrete in Torsion,” by Paul Andersen, Trans., A.S.C.F., V. 103, 
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At b (Fig. 1) a moment 
Mp», a torque 7, and a ver- 
tical force F, are acting on 
the beam as indicated by 
the vectors. 

At any section an angular 
distance a from b the bend- 
ing moment M, and the 
twisting moment TJ, are 
equal to 


M. = Micosa + Tysin a — 
Fyrsin a 





Ta = —M,sina + T; cosa 4+ 


F,r (1 — cos a) Fig. 1—Beam curved in plan with one fixed and one free end 


The strain energy due to the forces acting on the beam, neglecting the 
effect of vertical shear, will be: 


U BM 2rda “8B T.2rda 
Jo EI ' te O27 


The rotation w, at b in the direction of MM, is, by Castigliano’s theorem. 
. S 











7 au 
>” aM 
Hence 


B or : . (cos a) rda 
ow = M,cos a + Tysin a — Fy rsina | ————— + 
0 EI 
B 7 ” . (—sin a) rda 
-M, sin a+ T, cosa + F,r (1 — cosa) | - eve 
0 GJ 


Calli _- k 
valling or ~* 


wy = — M, E (k+1) — sing ons B (k »| — a 7, sin®B (k — 1) 4 


ae F, | so (k — 1) + 2k (cos 8 — » rasaes ; (1) 
The rotation ¢, at b in the direction of 7; is 
7 au 
m™ oT, 


or: 


EI 


"8 . m . rcos ada 
—Mysina + Ty, cos a + F,r (1 — cosa) |} —— 
oO GJ 


B ae at : ae rsinada 
o = (M, cosa + T,sin a — Fy rsina) — + 
Oo 
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o = — a M, sin*g (k — 1) + _ T> E (k + 1) + sin 6 cos B (k — 0 | + 
Se ds ~ PO +1) —dapeene -1 (2) 
oEI\~ sin { f + — sin 6 cos B (k — 1) : ; ‘ 


The vertical displacement A, at b in the direction of F, will be 


al 
Ay = — 
OF, 
B Sai a r’sin ada 
Ay = -(M, cos a+ 7), sin a — F,r sin a)- : T 
0 EI 


. oe . r? (L —cos a) da 
—M,sina+ 7T,cosa+ F,r (1 — cosa) 


GJ 
AX» = ma My si (k — 1) + 2k (cos B — | 


2T, 

ao 2 sin B—B (k + 1) + sin B cos B (k = »| + 

rF, | 

2E! E (k +1) + sin B cos B (k — 1) — 4k sin B + 2k | ——— 


From these three equations the values of J/,, 7T;; /, can be obtained for 
any known values of the displacement and rotations at 6. It will be eon- 
venient to make the following substitutions in the above equations: 

A = £6(k +1) — sin #8 cos 8B (k — 1) 
B = sin*@ (k — 1) 
C = sin2B (k — 1) — 2k (1 — cos B) 
D = B(k +1) + sin 8B cos B (k — 1) 
L = 2ksinB — B(k + 1) — sin B cos B (k — 1) 
H = B(k +1) +sin BcosB (k — 1) — 4k sin B + 2kB 
Iq. (1), (2) and (3) can now be expressed in the form: 


2E! 
M, A Tr B +- F, rC = Wh (4) 
r 
as . 2EI . 
M,B + 7,D + Fir L = Pp (5) 
r 
2EI 
MC + TL . 2 Fir He = Ap > (6) 


r2 
If the end a is fixed and end 6 is held against twist and vertical displacement, 
(¢ = 0; A, = 0) then for any rotation w = 1, the value of MM, will be the 
coefficient of stiffness, S,,, for bending in the member. If .W, is expressed 
, _ EI <s i 
in terms of , the stiffness factor S,, is obtained as follows. 
- 
For @ = 0; 4, = 0 Hq. (5) and (6) give: 
MB = 7T,D —- Fir ‘. wre Tr ( 
- IMAC = TL + Fir HH. . ! (8 
From Eq. (7) and (8): 


BH+LC 
i, «1 My... 
DH — L? 
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DC+BL 
Fur = — M,.. 
. DH—L: on 
BH+LC DC+BL 2E!I 
M,A —_ - "7 M,B “a a J 1C = Sh 
ie. fs ailiale ie” 
7 2(DH — L?) EI 11) 
“" ~ A(DH — L?) —B(BH+LC) —C(DC+BL)™ r 
If now A, = 0, w = 0, and @ = 1, the twisting moment 7, can be ex- 


‘ a . 
pressed in terms of as follows: 


r 
7T,B = M.A + Fir C (12) 
-T,L = MC + Fir H. (13) 


From Eq. (12) and (13): 
BH+LC 
M, = 2 14 

AH—C?'' (14) 


—(AL+BC) 
Oy T, 5 
, AH —C? (15) 
Introducing these values in Eq. (2) gives: 
2(A H — C?) EI 


A(DH —L?) —B(BH+LC) -—C(DC+BL)™ + 


(16) 
The carry-overs to the end a of the member can now be calculated from 
the expressions: 
M, = Mpcosa+ Ti, sna — Fyrsina.... (17) 
T. = —M,sina + Ti, cosa + F,r (1 — cos @) ; (18) 
by making a = 8. 


The carry-over factors between the two ends can be obtained from Eq. 
(17) and (18) by substituting the values of 7; and F, [Eq. (9) and (10)] in terms 
of M,; or M, and F, [Eq. (14) and (15)] in terms of 7; as given above. When 
these substitutions are made, all stiffness and carry-over factors are known. 
These values can be calculated directly from the following equations: 

Stiffness factor S,, for an applied end moment = 


2(DH — L*) 


(19) 
A (DH — L?) —-B(BH+LC)—-—C(DC+BL) 
Stiffness factor S, for an applied torque = 
2(A H — C?) 
(20) 
A(DH L*) B(BH +LC)-—C(DC+BL) 
Ratio of torque to applied end moment at end 1 (from Eq 9) is: 
‘ BH+LC 121) 
mn” DH - be - 


Ratio of end moment to applied torque at end 1 (from Eq. 14) is: 
BH+LC * 
t; m, = (22) 
AH —C? . 
Ratio of the end moment at end 2 to an applied end moment at end 1 (from 
Kq. 17) is: 
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BH+LC ;. DC+BL : 
2 = cos B + § ————— J} sin [ ——_——————- J gin 6....... . 
M2 cos B DH —L? ) in 6 + DHL in B (23) 


/ 


Ratio of torque at end 2 to applied end moment at end 1 (from Eq. 18) is: 


. BH+ LC DC + BL 
mM te sin B 4+ ———— } cos { : ss 
DH — L? DH — L* 


D 


é| cos B).. . . (24) 


Ratio of end moment at end 2 to applied torque at end 1 (from Eq. 17) is: 
BH + LC AL + =) , 
a sing .. 


ti; m2 = sin B + | ———— ]} cosB + - - 
‘ AH —C? AH — C? 


Ratio of torque at end 2 to applied torque at end 1 (from Eq. 18) is: 


BH +. LC 7 AL+BC\ , 
lie = cos Bp — er ——— 2 on p - = (1 — cos B).. . (26) 
AH — C? AH C? 


Numerical values of the various coefficients for values of k equal to 1, 2, 
3, 4 and 10 have been computed from Eq. (19)-(26) inclusive. These values 
are tabulated in Table 1. For general use, diagrams should be prepared from 
these values so that any interpolation can be made more accurately. 


TABLE 1—STIFFNESS AND CARRY-OVER COEFFICIENTS 


















B 10 30 60 90) 120 150 180 
Sm 22. 86085 ¥ 3.42554 1. 99862 1.25228 0.80802 

St 5.79035 2. 1.27918 1.08037 0.99707 0.9% 

me mit 0.04366 0.13 0.26134 0.38898 0.50568 0. 5$ 
m 0.50226 0.5% 0.58184 0.68148 0.80936 0 1.00000 
mits 0.00012 0 0.01991 0.07046 0.17648 O.t 0.63662 
timmy 0.17238 0 0.69978 0.71960 0.63637 0.5 0.39921 
fie 0.98404 0 0.62682 0.41074 0.28170 0.2 0.25414 
tim 0.00021 0. 00S61 0.05342 0. 13034 0.22160 0.3 0.39921 
S 22 .83125 7.36013 3.32045 1. SS360 1.14889 0.72190 0.46170 
Ss 2 92279 1.12266 0.78133 0.70820 0.66626 0.61785 0. 55848 
= mit 0.04362 O.1: : 3 0.37716 0.48639 0.57766 0.63662 
m 0.50317 0.5: 0.71400 0.83933 0.94954 -1. 00000 
mit 0.00015 0 0.09116 0.20800 0.38931 0.63662 
tim 0.34072 0 1.00319 0.83873 0.67495 0.52630 
tie 0.97028 0.777 0.23929 0.16879 0.149038 0.24006 
tim 0.00105 0 0.24248 0.35883 0.44594 0.52630 
Sa 22..81008 7 1.78679 0.65348 0.40593 
St 1.96742 0 0.56164 0.48162 0.42978 
* mit 0.04357 0 0.36820 0.56604 0.63662 
my 0. 50396 0.53200 0.73867 0.95671 1 .OOO00 
mat 0. OOO17 0.00462 0.10687 0.40448 0.63062 
fim 0.50515 L.ISLI6 1.17137 0.76804 0.60130 
0.95601 0.69469 0. 16862 0. 1TS1LS9 0.25036 
m 0.00236 0.04176 0.33999 0.54917 0.60130 
S 22 784193 7.23264 1.70278 0.99464 0.59733 0.36219 
S 1.48980 0 0.47692 0.44261 0.40050 0.35369 
aoe malt 0.04357 0 0.36117 0.46405 0.55862 0.63662 
m 0 -5O047S 0.53877 0.75802 0.87232 0.96130 1.00000 
mit 0.00024 0.00560 0.04095 0.11919 0.24291 0.41418 0.63662 
him 0.66625 1.46064 1.54090 1. 28050 1.04281 O.83204 0.65191 
0.94202 0.62551 0 7 0.13606 0.13920 0.19620 0. 28002 
time 0 00354 0.06300 } 0.42556 0 54582 0.61757 0.65191 
San 22. 665817 6.87742 1.34919 0.71937 0.39532 0.21996 
Si 0.63004 0.33880 0.27616 0.24402 0.21089 0.17885 
_ mit 0.04348 0.12047 0.33830 0.43933 0.54113 0.63662 
_ mie 0.50952 0. 5939 O.S1205 —0 90882 0.97211 1.00000 
mit 0.00052 0.01108 15125 0.28139 0.43703 0.63662 
times 1}. 5254 2. 56726 7 F 1.01436 0.78294 
tie O.S8648S8 0.37214 0 0.27170 0.35282 
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FIXED-END MOMENTS DUE TO UNIFORM LOADS 


The end moments for a beam curved in plan when both ends are fixed and 


loaded uniformly with qg per unit 


The vertical reaction F, at 


end 6 (Fig. 2) is equal to 


F, = 


9 
and the distance OG from the 


center of curvature to the 


center of gravity of arc bm is 


_  rsin a/2 
OG 
2 


“ 


a 


At a distance ra from }; 


M, = Micosa+Tysin a + Fyrsi 
ee qr’ 

M,. = Mpcosa+ T,sina+ . g 

T. = Tycosa — Mpsina — Fy (r - 

T , , ar 

T'« T; cos @ M, sin @—~- : B 


Using an auxiliary moment J1/’, 
T’. = —sina. 


B 
fi M'. M 


or 


“B 4 ss q 
= Vi, cos A + Ty sin @ + 
o Ei 
E a My, sin a — = 


rda 


“ EI 


which gives 

} M, [8 (k + 1) — sin B cos B (k 

} qr’ [3 (k + 1) Bk (1 + cos B) — 
2sin 8 (k + 1) — sin 8B cos B (k 


1 
If an auxiliary torque 7”, = 1 


from 6 will be: AZ”, 


r2 


1)| 


length of beam will now be determined. 
°o 





Fig. 2—Beam curved in plan with both ends fixed 


9 


X sin a 


rsin @ ’ 
gra - 2 


na- 
x /2 


sin a —q r? (1 — cosa) 


9 


cos a /2) 


; rsin a 
reosa)+qra(r 
a/2 


(1 — cos a) (a — sin a) 


4 q r2 


= 1 at b, at a distance a; M’, = cos a; 


As the beam is fixed: 


“3 
t+ T"a Ta 
0 


rda 
- w 0 
GJ 
"hs sin @ q r? (1 cose cos ada 
; 8 (1 cos a) + qr? (a — sin «| sin a da 0 


} 7, sin?B (k — 1) 


B sin?B (k 1) 


1)] =0 


is applied, the moments at a distance a 
As the beam is fixed, 


= sina; TT”, = cosa. 
"B uM’. M rda “B 7 rda 0 
d a Ua ie a a - = Dp = 
A EI ‘ GJ 
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Br 
f PS [ML cosa + 7T,sina + 4 qr? B sin a — qr? (1 — cos a)] sin ada + 


Oo 


Br 
f = [7, cos a — M,sin a — $ qr? B (1 — cos a) + gr? (a — sin a) | cos ada = 0 
Oo Te , 
which gives 
—}3M,sin7p(k —1) +37 [8 (k + 1) + sin 6 cos B (k — 1)] + 
} gr? [482 (k + 1) + 4B sin B cos B (k — 1) — sin’8 (k — 1) + 
kB sin B — 2(k — 1) (1 — cos8)] =0 
Canceling out the 1, and substituting as follows: 
A’ =B(k +1) 
B’ = sin’B (k — 1) 
C’ = sin B cos B (k — 1) 


B . 
D’ = B(k + 1) + kB (1 + cos B) — = sin?B (k — 1) — 2sin8 (k +1) —- 


sin B cos B (k — 1) 


| 


B . , 
EB’ =te(k+1) + P= sin 6 cos B (k — 1) — sin®B (k — 1) + kB sinB — 
2 (k + 1) (1 — cos B) 
The equations will now be: 
M, (A’ — C’) — 1T,B’ + qr2D’ = 0 
—~M.B’ + T, (A’ + C’) + rk’ =0 
Solving for 1/, and T), gives 


TB’ E'+D'(A’ +’) 7 B'D! + E' (A’ — C’) 
M, = qr? and 7, = qr? | - ; : ace 
A”? + B?2+C” —A’? + BY + CC" 


After substituting the values of the various terms, the fixed end bending 
moments and torques become: 


2 k+ 1 si B- kp 1 - ‘os B 
NE a ko eh 
B(k + 1) — sin B (k — 1) 
r r ,| 24k + 1) (1 — cos 8B) — kB sin B B ort (28) 
h = b = gr- - = Oru... v4 
itl a(k + 1) — sing (k — 1) 2 — 


Numerical values of C,, and C, are tabulated in Table 2 for various values 
of k. Diagrams should be prepared from these values before any interpolation 
is made. 


APPLICATION TO THE MOMENT DISTRIBUTION METHOD 


The use of the moment distribution method for the analysis of a contin- 
uous beam curved in plan will now be illustrated. As there are two sets of 
distribution and carry-over factors, one for bending and one for torque, 
it is necessary to have a sign convention that can be applied to the end of any 
span (see Fig. 3). 

The end moments are positive when, looking outwards from the center of 
curvature, they produce a clockwise rotation of the section. 

The torques are positive when, looking along the tangent to the beam in a 
counterclockwise sense, they cause a clockwise rotation of the section. 





bi 


a 





CONTINUOUS CIRCULAR CURVED BEAMS 295 


TABLE 2—FIXED-END MOMENT COEFFICIENTS FOR UNIFORM LOADS 





B 30° 60° 90° 120° 150° 180° 
k 1 Cm —0.02316 —0.09601 —0. 22676 —0.42300 —0.68501 —1.00000 
Cr —0 .00007 —0.00169 —0.01216 —0.04782 —0.13346 —0.29756 
k=2 Cm —0.02325 —0.09711 —0.23004 —0.42742 —0.68744 —1.00000 
Cr —0.00011 —0.00233 —0.01544 —0.05547 —0.14253 —0.29756 
h 3 Cn —0 .02335 —0.10135 —0.23244 —0.43097 —0. 68879 — 1.00000 
Cr —0.00014 —0.00478 —0.01784 —0 .06162 —0. 14755 —0. 29756 
k=4 Cy —0 .02343 —0 .09887 —0. 23428 —0.43211 —0.68964 — 1.00000 
Ct —0.00017 —0 .00336 —0 06360 —0.15073 —0. 29756 
k =10 Cm —0.02390 —0.10% —0.43712 —0.691 — 1.00000 
Cr —0.00034 —0 .00523 —0.07227 —0.15817 —0 . 29756 





The vertical forces are positive when directed upwards. 
By using this convention, it was found that the carry-over factors should 
be used with the signs shown in Fig. 4. 


NUMERICAL EXAMPLE 


The continuous beam shown in Fig. 5 is fixed at points 1 and 4 and is sup- 
ported by square columns at points 2 and 3. The end spans are loaded with a 
uniform load of one kip per ft and the center span with two kips per ft. Be- 
sides the dimensions given in Fig. 5, the following values will be used: 

Length of columns = 14 ft Oin. 

Moment of inertia of beams = J, = unity 

Moment of inertial of columns = J, = 0.5 J, = 0.5 
Radius of curvature for all spans = r = 20 ft 0 in. 


The following coefficients were selected from curves that were drawn from 


the values recorded in Tables 1 and 2 for a value of k = ai = 1. 
GJ 
For the end spans 1-2 and 3-4, the following coefficients were obtained: 
Sn = 5.54 Ss = 1.68 
mt; = 0.175 tim, = 0.486 
mye = 0.536 the = —0.793 
myles —0.001 tim. = ~=0.018 


The fixed-end moments are calculated from C,, and C, as follows: 
Miz = —grCn = —(1) (20)? (0.042) = —16.8 ft-kips 
Ti2 = qr?C,; = (1) (20)? (—0.00036) = —0.15 ft-kips 


Fig. 3—A sign convention that can 
be applied to the end of any span 


Moment a. 2 : + b 
Fig. 4—Proper signs for carry-over -4 al t+ 
a 
factors “— - + ia 
a 


Torque 
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2 “/se 





Fig. 5—Example problem: continuous circular curved beam 


For the center span 2-3, the coefficients are: 


Sn = 2.34 S, = ° 1.12 
mot; = —0.048 tem; = 0.105 
Mole = 0.348 tom2 = 0.664 
mo; = 0.647 to; = —0.472 
The fixed-end moments for span 2-3 are: 
M23 = —M32 = —(2) (20)? (0.1777) = —141.5 ft-kips 


T23 = Ts: = (2) (20)? (—0.0057) = —4.56 ft-kips 
The distribution factors at joints 2 and 3 for bending and torsional couples 
at the ends of the curved beams and bending couples in the square columns 
will be calculated. A stiffness coefficient of 3.5 is used for each column cor- 
responding to a restraint of half fixity at the base. 
For bending couples at joint 2: 








; ,. § satathet: 
Member Sp aoe Distribution 
L factors 
1-2 §.54 XX. 1/20 = 0.278 0.53 
2-3 2.34 X 1/20 = 0.117 0.23 
col. 3.5 xX 05/14 = 0.125 0.24 
Total 0.520 1.00 
For torsional couples at joint 2: 
I ] «tnt . 
Member _ 8S, - or — Dit tribution 
r y factors 
1-2 1.68 xX 1/20 = 0.084 0.32 
2-3 112 xX 1/20 = 0.056 0.21 
col. 3.5 xX 05/14 = 0.125 0.47 
Total 0.265 1.00 


The corresponding values at joint 3 can be obtained from symmetry. 
The carry-over factor for the columns for half fixity at the base is 
2 (1 — 0.5)/(4 — 0.5) = 0.286. 
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In carrying out the numerical operations shown in Fig. 6, the moments 
acting on the columns are not recorded as they were not required in the 
valculations. The distributions and carry-overs for the end moments are 
shown at the top of Fig. 6 and for the torques at the bottom of the diagram. 
The distribution for the end moments was first completed as for a straight 
continuous beam except that all corrections for rotation of the joints are kept 
in separate columns. This separation is necessary to determine the effect 
of the rotation upon the torques after all corrections for end moments have 
been completed. The carry-overs are, of course, placed in the fixed-end 
moment columns. Thus, when joint 2 is considered, it is found that there is 
an unbalanced moment of —141.5 + 16.8 or —124.7 ft-kips. Therefore 
corrections of 

M's, = (0.53) (+124.7) = +66.2 

M's; = (0.23) (+124.7) = +28.7 
are recorded in separate columns. The carry-overs to the other ends of the 
members are 

For span 1-2 (0.536) (66.2) = 41.7 

For span 2-3 (0.647) (28.7) = 18.6 
These carry-overs are placed in the same columns as the fixed-end moments. 

The unbalanced moment at joint 3 is now +141.5 + 18.6 — 16.8 = 143.3 

and the corrections are 
M’'32 = (0.23) (—143.3) = —33.0 
M's, = (0.53) (—143.3) = —76.0 
which are recorded in separate columns. The carry-overs are 























For span 3-2 (0.647) (—33.0) = —21.3 
For span 3-4 (0.356) (—76.00) = —41.7 
+.536 [53 |23 + 0.647 23|53}| +.536 
“6.8 |+66.2 | +16.8 [-i4i.5]+ 287] |- 33.0 /+141.5 |- 16.8 |-76.0] +168 
[+4t.7 __J= 21.3/+ 49) + 18.6 -41.7 
+26.9 oe -__.1|+ 32 ~ 1.7 - 2449 
____ [+ 2}- 2] | Moments | > J. 4 
ey + 77.8 | + 17.0 |-163.5/+ 33.7 M -33.7 \4163.5|-17.0 -17.7. x 
4 +94.10 -129.80 + 129.80 - 44,10 Ne 
0/9 
Sie ain } 
eit a5 | 
+4 +]! 
“Xe, tlt 
tlt of x | 
Xe 3|3 XX ie f 
“te 4 
<|9 wY Xe Sis 
+}! alt 
| --793 [.32 [21] —.472 [21 |-32 -.793 
= a + .38/- 15 /-4.56/+ .26 + .26/-4.56]/- AS + 43 - AS 
~ 133 413.62|-11.73 + 1.62 |+ 13.60 ~~ a 
ee a aE Ss ll Torqves ~ 11.73 -.33 q 
i t+ -oa] [13/4 03] -_ 2 —.6 
+ 42/+13.47|-14.00|+ .29 a + .26 |-14.19|413945 + 43 
+13,89 -14.5} : ~14.5) + 13.68 














Fig. 6—Example problem: moment distribution method 
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which are placed in the fixed-end moment columns. Joint 2 is then balanced 
again and the operations repeated until the corrections can be neglected. 
After the total corrections for balancing the end moments have been deter- 
mined, the effect of these changes upon the end torques are determined and 
added to the original fixed-end torques. The corrections to the end torques 
for spans 1-2 and 3-4 are 


(0.175) (77.8) = +13.62 

(—0.001) (77.8) = — 0.08 
for span 2-3 

(—0.348) (33. 


) = -11.73 
3.7) = + 1.62 


‘ 
(—0.043) (—3: 
The end torques are now balanced in a manner similar to the end moments 
and the corrections at each joint placed in a separate column. The effect 
of these corrections upon the end moments can now be computed but as they 
are extremely small they need not be considered. For instance, the change in 
the end moment at joint 3 for span 2-3 is (0.664) (0.29) — (0.105) (0.29) = 0.16. 
The solution is therefore sufficiently accurate and the final end moments 
and torques are obtained by adding all values at the ends of the members. 
Thus, the final end moments and torques at the ends of span 1-2 are 
Mi. = +24.9 ft-kips 


Ti2 = —0.56 f{t-kips 
Me; = 77.8 + 17.0 = 94.8 ft-kips 
Te. = 13.47 + 0.42 = 13.89 ft-kips 
For span 2-3 
M2-3 = —163.5 + 33.7 = —129.8 
T2-3 = —14.80 + 0.29 = —14.51 
The moments in the column at joint 2 are: 
129.8 — 94.8 = 35.0 


14.51 — 13.89 = 0.62 
The moments at the far end of the column are 0.286 times the above values. 
SUMMARY 

The analysis of continuous beams curved in plan can be made without dif- 
ficulty by the moment distribution method if both bending and _ torsional 
end couples are considered. The necessary fixed-end couples together with 
the required stiffness and carry-over factors have been presented in this paper. 
Tabulated values are given from which the necessary coefficients can be se- 
lected, but it will be more convenient if diagrams are prepared from the 
tabulated values. 

A proposed method of procedure was illustrated in which the bending 
end couples were kept separate from the torsional couples. The mathematical 
operations are not difficult as the convergence is rapid. However, errors 
due to using wrong signs can easily be made unless the sign convention adopted 
is definite and easy to apply. 
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Tests on tile-concrete joists indicate the need for 
revision of some concepts in the general theory of 
diagonal tension. 


Shear Resistance of Tile-Concrete Floor Joists* 
By J. NEILS THOMPSONT and PHIL M. FERGUSON 


SYNOPSIS 
Tests on certain types of tile-concrete joists indicate that the tile webs are 
more effective in resisting diagonal tension than is indicated by the current ACI 
Building Code specification. Stagger of tile joints appears to be unnecessary, 
since they do not seem to be plans of weakness insofar as diagonal tension is 
concerned. The tile reduces the deflection of the joist. 


INTRODUCTION 


Precast tile-and-reinforced-concrete floor slabs have been used extensively 
in Iowa and the Southwest during the past ten years. The low cost of these 
floor systems, coupled with their fire resistance, makes them highly usable 
in residential, school and light commercial structures. However, there have 
been a number of questions about the structural action of composite beams of 
tile and reinforced concrete. Recent investigations'? under the sponsorship 
of the Structural Clay Products Institute and the Department of Commerce 
have studied various phases of these systems to clarify some of these ques- 
tions. Of two types of tile units studied, a unit called Joistile has proven to 
be the most used and this report will be devoted to the investigation of floor 
slabs using this type of tile. 


JOISTILE FLOOR CONSTRUCTION 


A floor or roof slab of Joistile (Fig. 1) is built * in five steps: (1) The “‘knock- 
out piece’’ indicated at “A” on the Joistile detail is broken out by tapping 
sharply at the center. The Joistile (each 12 in. long) are then laid in line, end 
to end, on a firm flat surface until the desired length of beam is obtained. 
This forms a trough running the length of the row of tile. (2) The proper 
amount of reinforcing steel is placed: in this trough and the trough is then filled 
with concrete and cured. (3) The beams are then placed on supports, either 

"‘*Received by the Institute ag 17, 1950. Title No. 47- “7 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Institute, V. 22 3, Nov. 1950, Proceedings V. 47. Separate prints are available at 35 cents each. 
Discussion (copies in triplicate) om reach the Institute not tek than Mar. 1, 1951. Address 18263 W. McNichols 
Rd., Detroit 19, Mich. ‘ 

+Members American Concrete Institute, P rofessor of Civil Engineering and Chairman, Civil Engineering Dept., 


respectively, University of Texas, Austin, Texas. 
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ee al. bearing walls or girders, and _ properly 

spaced for the design to be used. Unless 
a the precast beams are short they will show 
ry + some deflection. This is corrected by shor- 
ing at the center. (4) Filler tile, of the 
same design as Joistile, without the kerfing 
that forms the “knock-out piece,’’ is then 
dropped between the beams (Fig. 2). At 
this point, although the slab has not yet 
been placed, the beam strength is ample to 
- ss - carry the construction load. (5) For the 
; RUSTRUET final step, top reinforcing is placed, if the 








design requires it, piping and electrical con- 
: pe duits are set and the whole surface is cov- 
Ell re OL 1S ered with a topping of concrete to a depth 
determined by the design. The slab is cured 
Heavy Constauction = ag specified by the design and then shoring 
Fig. 1—Floor or roof slab construction is removed. 
of Joistile 


MATERIALS USED IN TESTS 


The concrete used had a cement factor of 4.73 sacks per cu yd and a water 
factor of 7.67 gal. per sack of cement. Washed river sand and gravel were 
used with the gravel passing a %-in. screen. The aggregates and cement 
were placed in a 3.0 cu ft mixer and mixed dry before adding the water. After 
the water was added the concrete was then mixed until a uniform mixture was 
obtained. Standard A.S.T.M. cylinders were made from each batch of con- 
crete. Standard slump tests varied from 2 to 4 in. with an average about 
234 in. This slump would be too low for placing concrete without the use of a 
mechanical vibrator. For hand tamping the slump should be at least 4 in. 

Both cylinders and beams were cured by covering with wet cement sacks 
for seven days, and were normally tested at 28 days. The compressive strength 
of these cylinders varied from 2540 to 3520 psi with an average equal to 3150 
psi. : 

The steel was 34-in. round deformed bars of intermediate grade billet steel. 

The physical properties of the several tile used in the investigation are 
given in Table 1. The average absorption was determined by the procedure 
specified for structural clay tile by A.S.T.M. Designation C 112-36. 

The compressive. strength of the tile was determined by testing specimens 
cut from the shoulders of the tile. ‘These specimens were approximately 2 
in. square and 4 in. long. They were capped on both ends with plaster of 
paris to give plane bearing surfaces and then tested in a hydraulic testing 
machine to failure. The compressive strength was determined by dividing 
the ultimate load by the net cross-sectional area. 

The modulus of rupture was determined by testing specimens cut from 


the tile having approximate dimensions of 2 x 44x 12 in. These specimens 
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. _ =: « . SE os ~~? 
were tested using a span of 7 in. and with = & \\, = ¥~4 


~ \ 







the load applied at the center of the span 
through a 1-in. round bar resting on a steel 
plate 44 x 1x 2 in. ¥, 
The tensile strength of the tile was de- f: 
termined by testing specimens cut from the j 
tile shells. These specimens were similar | 
to the A.S.T.M. cement mortar briquet FF ; 
except the midsection was lengthened to 1 by 
in. Tests were made ina standard A.S.T.M. # 
briquet testing machine. 


Fig. 2—Top of slab showing the method 

The modulus of elasticity was determined °F placing the filler tile before placing 
: : ee f‘ the concrete topping 

by attaching four SR-4 electric strain gages 

to the compression specimens, two on the tension specimens, and taking cor- 

responding stress-strain readings. 


DESIGN OF BEAM SPECIMENS 


The reinforced Joistile-concrete type of slab construction is in effect a 
series of T-beams. It is possible to secure two depths of beams depending 
upon how the filler tile are placed, as shown in Fig. 1. Previous investigations 
have shown that the general design of these beams should proceed in accord- 
ance with ordinary reinforced concrete T-beam theory and that the specifica- 
tions of the ACI Building Code are applicable. There are several problems 
in conjunction with this design, however, that made further investigation 
desirable, namely: 

1. The extent to which the tile shells should be counted in estimating resistance 
to diagonal tension. 


i) 


The effect of the quality of tile upon the diagonal tension resistance of the 
beam. 

3. The adequacy of the bond between the concrete and tile. 

4. The deflection of the joistile beam compared to a concrete beam of equal 
depth and width. 


TABLE 1—PHYSICAL PROPERTIES OF TILE 


Compres Modulus Modulus of Modulus of 
\bsorp- sive of rensile elasticity elasticity 
rile Description tion,” strengt! rupture strength in comp., in tension 
percent psi psi psi psi X10 psi X 10 
\ Buff color, dense, very 
uniform, no pits o1 
cracks 0.7 12,440 2630 SIS 0 0 
B Red color, light, not 
very uniform, nu- 
merous pits = and 12.2 4160 1190 Stith 2.1 2.7 
cracks 
( Dark red color, dense 
uniform, few pits 
and cracks i2.¢ 12,110 1210 Hob 2.6 2 
DD Medium red color, me- 
dium weight, non- 
uniform, number of 
small rocks and clay 
balls in the makeup S.3 9900 15 604 3.0 3.2 


(ne hour boil 
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The beams in this test were designed to fail in diagonal tension by: (1) 
using a relatively short span; (2) providing sufficient steel to prevent failure 
in tension; (3) providing a flange of sufficient area to prevent failure in com- 
pression; (4) providing anchorage for the steel to prevent failure in bond. 

The beams were all 8 ft long, for testing on a 7-ft simple span. The rein- 
forcement for each beam was two 34-in. round.deformed steel bars of an inter- 
mediate grade welded to a short end anchorage plate (except that no anchorage 
was used for specimen H-3). The several cross sections used are shown in 
Fig. 3. Tile from four different plants were used, designated as tiles A, B, C 
and D. No attempt was made to fill the joints between successive tiles with 
mortar. 


BEAM TESTS 


All beams were tested in the same manner (Fig. 4). The load was applied 
by a calibrated hydraulic jack bearing against a yoke and resting on a steel 
I-beam which transferred the load to bearings at the third points of the 
span. These bearings consisted of 34-in. square steel bars embedded in plaster 
of paris to give a uniform pressure. Test observations included: (1) deflection 
at mid-point of the beam; (2) slip between the beam tile and the concrete 
slab; (3) ultimate load; (4 ) type of failure. Tables 2 and 3 show the results 
of the tests. 


DISCUSSION OF RESULTS 

Resistance to diagonal tension 

Since the tile joints in this type of construction occur at regular intervals 
and since these joints are continuous around three sides of the web, it might 
be assumed that these joints would create planes of weakness, thus lowering 
the beam’s resistance to diagonal tension. That such is not the case is clearly 
indicated by the summary of beam tests (Tables 2 and 3). For the shallow 
sections of Table 2, the three concrete control beams (Series G) failed at 


v = 0.066f’., while tile beams (Series H) gave an average v = 0.099f’.. For 
the deeper sections of Table 3, the concrete control beams (Series N) failed at 
" - v = 0.070f'., while the 


-qa4r doistile-concrete beams 
et (Series KX) averaged v = 
10 0.101f’.. This indicates that 


“H- =Tiusu CoNstTRUCTION *G° the reduced vertical shear 





area at joints is not a mat- 
ter of any consequence in- 
sofar as diagonal tension 


ert 1 pee oeien «poet, failure is concerned. 
| | a Jerr ..f °' The ACI Building Code 
La, ae ms (and also the Joint Com- 
-N: ee oe mittee specification) — re- 


Fig. 3—Cross section of beam specimens quires that tile joints on 
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2 £ 
pa» fe fey 
Fig. 4—Elevation showing loca- — | | | | 
tion of tile joints and loads L_A— ee aa sia — —A. 


opposite sides of the joist web be staggered, that is, if the tile webs in contact 
with the concrete are to be counted as resisting diagonal tension. These 
tests indicate no need for specifying stagger. 

The actual load capacity of the tile-concrete joists was substantially greater 
than that of the corresponding concrete control beams. (The web width of 
the control beams included 1.25 in. of concrete to represent two tile webs, 
as suggested by the ACI Building Code. See Fig. 5a). The exact factors 
that lead to this extra strength are not established by these tests. Certainly 
between tile joints the tiles carry some tension and reduce the steel stress, as 
evidenced by reduced deflection of the beams under equal loads (Fig. 6). 
The tile also has a greater compressive strength than the concrete; but its 
indicated tensile strength, as tested separately, is only slightly if any higher 
and its modulus of elasticity tends to be lower. In some measure, the extra 
strength, in the case of the deeper Series K beams, may be due to the extra 
concrete in the upper part of the web, as discussed below. Whatever the 
reason for the increased strength in diagonal tension, it is substantial and 
seems to justify the inclusion of all four tile webs in the effective shear width. 
The unit shear has been recalculated counting all four tile webs (Fig. 5b) in 
the stem width and these values are tabulated in the last column of Tables 
2 and 3 as “Revised v/f’..’’ Shear stresses thus calculated compare reasonably 
with those of the concrete control beams. 

The assistance of the outer webs is probably not possible unless the con- 
crete is in contact with the top of the tile. Earlier tests' made on joists 
using the so-called U-tile, where the concrete contacts only the inner web, 
definitely showed little stress carried by the outer webs, although they showed 








LW 








some surplus of diagonal tension strength. 

Table 1 indicates that tile B was slightly stronger in compression than the 
concrete (f’. = 3150 psi average) and that the other tiles were much 
stronger. The excess tile strength seems to add to diagonal tension resist- 
ance, the stronger tile increasing this as much as 25 percent. 

Table 3 also shows the ultimate strength of special concrete beams (Series 


_L) stepped out to a greater web width above mid-depth, thus following the 


concrete outline of the Joistile-concrete beams of this depth. These beams 
consistently tested higher in strength, giving v = 0.084f’., as compared to 
0.070f’. for concrete webs of uniform width. This seems to emphasize the 
recognized need for further study as to the true nature of the variables defining 
diagonal tension strength. : 
Bond of concrete to tile 

One group of specimens failed in bond of concrete to tile and that was the 
Joistile-concrete beams using tile C. These failures were caused by a com- 
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TABLE 2—JOISTILE-CONCRETE FLUSH CONSTRUCTION 


Cinpenel tension = Cllares unless noted sematenased 























Tile Specimen Uit. L.L., v, psi S'es v/f' Revised 
No. Ib (including psi ** v/f'e 
D.L.) | tt 
Concrete control beams, d = 4.5 in., b’ = 4.25 in. 
° | 
Gt 5920 188 3320 | 0.0566 
G-5 6690 212 3150 0.0673 
G-6 7510 236 3170 0.0744 
Ave. 0.066 
Joistile-concrete beams, d 4.5 in., b’ 3.0 in. concrete plus 1.25 in. tile 4.25 in., b’ 5.50 in 
\ H-6 9900 312 2870 0.1087 0.0840 
\ H-9 11,040 347 3030 0.1145 0.0885 
\ H-13 10,950 345 3290 0.1050 0.0812 
Ave. 0.109 0.085 
B H-2 8600 3270 0.0835 0.0646 
B H-5 8600 3150 0.0866 0.0670 
B H-8 8360 3020 0.0881 0.0681 
Ave. 0.086 0.067 
D H-14 11,710 3320 0.1100 0.0850 
D H-15 10,790 3160 0.1070 0.0827 
D H-16 10,180 3390 0.0945 0.0730 
Ave. 0.104 0.080 
\ R-2* 10,880 343 3230 0.1062 0.0821 
A R-3* 9200 291 3560 0.0817 0.0632 
Ave. 0.094 0.073 
Joistile-conerete beams not failing in diagonal tension 
A H-3 $100 260 3200 0.08124 0.0620 
Cc H-4 7050 3520 0.0648t 
Cc H-11 6800 3150 0 .0700$ 
Cc H-12 6800 3120 0.0706f 
\ve. 0 .068§ 
A R-1* 5060 166 3000 0.05531 


*Used mortar for precast part, otherwise same as H specimens. 
tFailure in bond to reinforcing steel; no anchorage plate. 
tFailure in bond of concrete to tile. 
_SAver: age of H-4, H-11 and H-12 only. 
f’- is cale ul: ated from stem width 6’ which includes the two tile webs in contact with concrete web 
tite vised v/f'- is calculated from a revised stem width which includes all four vertical tile webs. 


bination of a “die skin” that had not been removed from the top of the beam 
tile in manufacture and a concrete mix in this particular series that was un- 
usually dry. This same tile in heavy construction, where the concrete was 
considerably deeper over the beam tile, did not give this bond failure. One 
other failure in bond of concrete to tile occurred (Specimen R-1), which was 
attributed to failure to wet the tile before pouring the topping. Although 
readings to measure such slip between tile and concrete were made on many 
specimens, no significant movement before failure was found in any other 
specimens. In general, it is believed that if the concrete is workable, and the 
tile has been wetted beforehand, this type of failure is not likely. 


Deflection 

Observations were made of the mid-point deflection of all beams and Fig. 6 
shows the average deflection-load curves for éach group. The tile adds con- 
siderably to the stiffness of the beams. Very little difference was apparent 
due to the different strength tiles. These deflections seem to suggest further 
that the shells not in contact with the concrete web are acting and are con- 
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SHEAR RESISTANCE OF TILE-CONCRETE FLOOR JOISTS 





TABLE 3—JOISTILE-CONCRETE HEAVY CONSTRUCTION 


(All failures in diagonal tension) 






































Tile | Specimen Ult. L.L., v, psi S'c, psi v/f'e Revised 
No. Ib (including * v/f'e 
D.L.) | 7 
Concrete control beams, d =7in., b’ = 4.25 in. 
N-l 10,270 206 3000 0.0687 
N-2 10,360 207 2990 0.0692 
N-3 9260 186 2540 0.0732 
Ave. 0.070 
Joistile-concrete beams, d = 6.25 in., b’ = 3.0 in. concrete plus 1.25 in. tile = 4.25 in., b’ = 5.50 in. 
A K-2 16,250 364 3140 0.1158 0.0895 
A K-5 14,480 308 2830 0.1088 0.0840 
A K-S 16,920 380 3260 0.1163 0.0900 
Ave. 0.114 0.088 
B K-1 13,180 296 3340 0.0887 0.0686 
B K-4 11,650 260 3350 0.0776 0.0600 
B K-7 14,160 318 3500 0.0907 0.0701 
Ave. 0.086 0.066 
cf K-3 12,880 292 3050 0.0958 0.0740 
( K-6 15,910 356 3020 0.1180 0.0912 
( K-9 15,390 346 2970 0.1164 0.0900 
Ave. 0.110 0.085 
I K-10 13,190 297 3490 0.0851 0.0656 
I K-11 14,720 330 3340 0.0988 0.0764 
K-12 15,640 350 3320 0.1054 0.0815 
P Ave. 0.096 0.074 
Special concrete beams, d 6.25 in.,'b’ 4.25 in., b’ (above mid-depth 7 in. 
L-1 11,740 265 3150 0.0841 
L-2 12,890 288 3280 0.0879 
L-3 11,810 265 3220 0.0825 
Ave. 0.084 
— ! — —— 
is calculated from stem width b’ which includes the two tile webs in contact with concrete slab 
Revised is calculated from a revised stem width which includes all four vertical tile webs 
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Fig. 5—Shaded areas indicate widths used in: (a) usual v calculations; (b) revised v calculations 


(last column of Tables 2 and 3 
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tributing to the stiffness of the beam. It is 


onour ** believed that this is true for this particular 
ei tile section, but may not be true for all 
| |, De designs. 
= || Ncovener 
g | 6a / | CONCLUSIONS 
‘ /y 7 aes 
g // 1. With this type of tile, and probably 
é // enor with all types, the presence of open vertical 
E fi) b a joints between tiles is not a source of weak- 
; / lh ness insofar as diagonal tension is concerned. 
7 iH Sia 2. It is unnecessary to stagger the tile 
4 joints on opposite sides of the web. 
8 3. With this type of construction where 
/ concrete covers the top face of the tile, 
t diagonal strength can be based on counting 


eS it: four tile webs per joist. 
Fig. 6—Load deflection curves t. Diagonal tension resistance is  in- 
creased with high strength tile. 


5. The tile reduces the deflection of the joist. 

6. Precasting the concrete to the level of the top of the tile is not a source 
of weakness if care is taken to use workable mixes and to wet the tile before 
placing the concrete; but care should be exercised in both these matters. 

7. Diagonal tension resistance of reinforced concrete beams seems to be 
increased by added width above mid-depth even when width below mid- 
depth is unchanged. A 20 percent increase in the unit shear resistance was not 
expected by the authors. 
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The fundamental basis of finite differences is not involved 
when stripped of its mathematical mantle and presented 
as a geometrical relationship. 


Solution of Difficult Structural Problems by 
Finite Differences*® 


By ALFRED PARME? 


SYNOPSIS 


Finite differences can be applied to the solution of those structural problems 
in which the physical relationships are expressed as a differential equation. 
Essentially, the technique employed consists of replacing the derivatives ol 
the differential equation by its central difference equivalent. The problem 
is thus reduced to the simple task of solving a system of simultaneous linear 
algebriac equations. The numerical computation involved in the procedure 
is considerably reduced by two devices. First, the number of equations nec- 
essary to attain sufficient accuracy is reduced by an evaluation of the error 
introduced in substituting central differences for derivatives. Secondly, 
the solution of simultaneous equations is speeded by a systematic rapid tabu- 
lation of easily determined values. 

The procedure is applied to the design of a sheet pile wall, elliptical dome 
and skewed bridge to illustrate the scope and simplicity of the method. 


INTRODUCTION 


In the last few years tremendous strides have been made in the under- 
standing of indeterminate structures due principally to introductions of 
simplifying numerical procedures. In sharp contrast to this progress the 
analysis of some two and three dimensional structural members such as slabs 
and shells still remains a mystery to the average structural designer. The lack 
of progress in this field is primarily because these problems involve the solu- 
tion of differential equations. For instance, the analysis of a slab requires 
the solution of the differential equation 

Otw 20'w Ot'w p 
ax ; Ox> Ay? oy* El 
in which w is the deflection of the slab and p is the loading on the slab. On 
the other hand, to determine the bending moments in a circular dome created 
by concentric loading, the differential equations 
Preses ted at the ACI 46th annual convention, Chicago, IIL, Feb 
copyrighted JouRNAL OF THE AMERICAN Concrere INstirute, V. 22 
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d@u du 

- + cot @ — cot?¢ u — Eirv = 0 
dg? do 

dy dv ru 0 

- +e t _ . t- ) - == 

de? co > i cot-¢ v + EI 


must be solved. 

For the most part, text books on these problems treat the sub’ect in a 
rigorous manner aimed, not so much at the-solution of typical problems, but 
at instructing students in the theory of elasticity. Consequently the mathe- 
matics employed, while not formidable to individuals schooled in stress 
analysis, is nevertheless unfamiliar to the average designer. But such highly 
involved mathematics is unnecessary. Any type of problem involving diff- 
erential equations can be solved with no greater complication than the solu- 
tion of a group of simultaneous equations, arising from a finite difference 
procedure. 

APPLICATION OF FINITE DIFFERENCE EQUATIONS 


The application of finite difference equations to the solution of difficult 
structural problems is in large measure comparable to the technique now 
used to surmount mathematical difficulties in the solution of indeterminate 
structures. Generally, due either to variations in the shape and size of the 
members or irregularities in the loading pattern, the integrations of the 
moment area curves involve lengthy and difficult mathematical manipulations. 
To avoid such intricate operations the required integrations of the various 
functions are approximated by the summation of a number of specific values 
which represent the average area for a finite segment. This substitution of 
the numerical procedure of summation for the more precise operation of 
integration has its counterpart in the replacement of the differential equation 
by the approximate finite differences equation. 

Just as the replacement of an integral by the summation procedure involves 
the use of average values of the ordinate, so the replacement of a derivative 
by finite differences is based on taking the difference of average values of the 
ordinates. In this light then, it is evident from geometrical considerations of 
Fig. 1 that if y = f(a) then 


Y 





i = | Fig. 1—Geometrical representation of deriva- 
tive by finite differences 
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dy Yn+s/2 — Yn —s/, : 
- = 5 ES Ee Ee Soa satin im aateg a antenatal areca et peat .. (la) 
dx», 8 Ge 
in which y,, + ./, represents the ordinate at « = n + $ and = means approxi- 
mately equal to. By repeating this process, it naturally follows that 
dy a d dy Pe Yn +8 — Yn = Yn _— Ya-s = Yn +8 = 2yn + Yn —s (1b) 
dz’, dzx\dz/ » s? s? s? 


Following the same procedure, we have 


d’y —-Yn +38/2 — 3Yn +8/2 + 3Yn — 8/2 — Yn — 38/2 

an (te) 
and 

dty — Yyn+2s — 4¥n +s + 6yn — 4yn —s + Yn — 2s 

-_* wees -1e (1d) 


The finite difference equivalents for the odd order derivatives are given 
in terms of the ordinate at midpoints, while those for the even order are 
given by values at whole integers from n. However, to make the approxi- 
mation usable it is necessary to express the odd order finite difference equa- 
tions in terms of ordinates at the same points as the even order. To do so, 
we need only to express the ordinates at the midpoints as the average of the 
two adjacent values. On this premise we have 


Yn+s TY Yn T Yn —s 
dy 2 2 Yn +s — Yn-—s ” 
— += — a . (1e) 
dxn s Qs 

and 

dy Yn+-2s — 2Ynts + 2Yn-—s — Yrn—2 , 
——— i a : — =P (if) 
dx’, 2 8? ; 


The relationship just derived is admittedly approximate. The exact re- 
lationship between finite differences and derivatives can be obtained by 
Taylor’s theorem which states: 

d(n) (m—n)? d*(n) (m—n)* d8(n) 


f(m) = f(n) + (m—n) — + — eee rs 4 
K i ( © dx 2! dx? 3! dx 
in which f(m) represents the function of x at « = m and f(n) equals the func- 


tion of zat 2 = n. Since y is equal to the function of x, then we have 


dy | (m—n)? d*y | (m—n)5 dy 


(m—n)* dty 


Ym = Yn + (m—n) - t t a 
. : ( dry 2! dx? 3! dx’, 4! dx’, 





eoe.... (3) 


If we let m assume the successive values of n + 2s,n + s, n,n —s, n — 2s we 
have 





d’y 2s)* dty , 
nite = 7 ae.* Want (4a) 
st dty 
y Yn + rh az’, Pr eee. . (4b) 
Yn = Yn- ai vatas uae _ ; (4c) 
dy s? dty 88 d’y si dty 
Ya-e = Un — 8 ae t ota, Bide’, * ade’, °°" ad 
dy (2s)? d*y (2s)* d5y (2s)* dty 
eT. aa ok” ea, OT fans 
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Adding algebraically the appropriate expressions we find 


Yate — Yn—s dy s? dy st d'y s®& diy m 
——— 5 = + - + — — + see (5a) 
2s dx, 3! dz, 5! dz', i! dz’, 
Ynts — 2Yyn + Yn—s d*y 2sid'y 2st d*y  2Qs® dy (5b) 
= = — af he gk + — + cece 5b) 
s* dx, 4! dx’, 6! dr, 8! dz’, 
Ynto22 — 2Yn+s + 2Yn—2 — Yn—2 dy , (25—2) dy (27 —2) diy n 
= - +- s? — —— + sg! 7s — + see (5c) 
2s dx’, 5! dri, 7! dz’ 
Yr ty + Gyn — 4Yn—s + Yn-2 dty (27 — 8) d*y 
= - 8° - - + 
s! dx‘, 6! dxr®, 
_ (29 — 8) dy ies 
s* " a > PP eee. (5d) 


8! dx®, 

The above equations express finite differences as a sum of a series of as- 
cending derivatives. The inverse relationship, that is expressing the deriva- 
tive in terms of its differences is obtained by eliminating successively the 
higher order derivatives. If the finite differences be designated by the symbol 6, 
then successive eliminations leads to the following relationships 


dy s* 6 st 6 , 
a 4 a (6a) 

dx», 6 30 

d*y s*? 6! st §° 

=e = § = - 4 ae ee (6b) 

dx*n 12 90 : 

d*y . s* 7 s* 6? 

—- =i a eee (6c 

dr’, 1 120 “s 

622 ee (6d) 

dz‘, 6 240 — . 


These equations show that approximating a derivative by the first term 
on the right hand side involves an error proportional to the square of the 
chosen interval. The use of two terms on the right hand side to approximate 
a derivate involves an error of approximately the fourth power of the interval 
s. Hence the error introduced by the replacement of a derivative by its finite 
difference equivalent can be reduced by either decreasing the size of the 
interval, or by using more terms. In general it would be found that the latter 
procedure will produce greater accuracy with less labor. 

Since a differential equation expresses a functional relationship valid at 
any point, while a finite difference equation expresses a relation for only one 
point, the replacement of a differential equation by its finite difference equiva- 
lent necessitates the setting down of finite differences equations for each point. 
In the case of a beam or slab, approximations of the loads, shears and mo- 
ments at each point are expressed as linear functions of the deflections of 
ne ghboring points. Thus the problem is reduced to one of solving a number 


= 


of simultaneous equations. 


SHEET PILING WALL 

To illustrate the use of finite difference procedure a sheet piling wall re- 
ta‘ning a 13 ft earth fill as shown in Fig. 2 will be analyzed. The differential 
equat.on for a beam on an elastic foundation is given by 
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dw F TTITITITITITITIT YY 
dy* 7 kyw FD ssacex . .(7) Roh 

ya) : ‘ ‘ 3 sa Sheet 

in which w = displacement of the Gh-+ =| pile 
2 $/ ©) wall 
. beam, p = load per unit area at mt 
ab) e : . OQ / > 
any point, k, = reaction of soil per - 
. . . . y m+ > 
5c) unit area for a unit deflection, E 7 TTR IIIT7 
oc . o_* F I 
= modulus of elasticity and J = I 
moment of inertia. Since the lat- saci 4 . 
eral resistance of soil is zero at the p> ; © 
: . <f Active earth 19 
oe surface and maximum at the bot- XY pressure = 
5d) . . oy + 
tom of wall, k, will be assumed to r " 

aS- vary in like manner. Hence, we ‘ 

? a ' 
ya- . : ky 

vv shall arbitrarily set ky, = ra in Fig. 2—Diagram of sheet pile wall 

d 

sy which k is the soil modulus. Thus 

Eq. (7) becomes 
2) 14 , k 
6a) dtu zs y —_ s (Sa) 

dy EI h El 
6b) The values of k and EI are assumed 
- . ~ . + 

at 500 lb per cu in. and 5 x 108 psi, £ 

Se) respectively. Replacing the differ- & 

ential equation (Eq. 8a) by its fi- + 2 | deflected wall 

6d) nite difference equivalent, we have |.) 

- for a typical point in Fig. 3 a 1 — 

he Write — 4Wati + Ow, 4wW,—1 + Wn.-2 

ite s* 

rs ky, ’ .3 

val ae, ee (8b) | 

ite EI h EI | 

the Since s is taken at 24 in. and p = 

ter 29.15 ¥ 

33x13 83 -_* 
- + y ) psi, Eq. (8b) be- : 
12? 12° x 
at 6 
‘ comes : 

yne€ binciailaas w 

r¢ 23* X< Y, 

va- Un +2 tw, +17 (0 “ un) Wn : 4 

nt. 5X 10° Xh x 

no- — 4 0n-1 + Wa—2 = (2.9792 + x 

s* Ww 
of 0.04803 y) —. (Se) 
ber El 3 
or 8 We — 
y, ; Imaginary jj 
Unte—4Wagit ( + 0.33178 * ) Wn — extension | Ws 
h of wall —~ [| 
vi 4 Wa—-1 + Wa-2 = H Wig 
tial er i 
(2.9792 + 0.04803y) —........ (Sd) 
EI Fig. 3—Location of points on wall 
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The equations at various points along the piling can be rapidly set down as 
w-2— 4w-1+ 6.000 wo — 4m; + we = 2.9792 X s*/ElI 

w-1 — 4 wo + 6.0415 w, — 4we + ws = 4.1320 X s*/ET | 

Wo — 4, + 6.0830 we — 4w3 + wy = 5.2848 X 81/El 
tw + 6.1244 w; —4 ws + ws = 6.43875 X s*/El 

4 ws; + 6.1659 wy —405 + we = 7.5903 X s*/EI> . , . (9) 

W3; — 4 wy, 6.2074 w;5 —4we + wz = 8.7431 X s*/El 

4 x 

1 x 

xX 


+ + 


ws, + 6.2488 we —4wz + ws = 9.8959 si/EI 
ws + 6.2903 wz —4 ws + wo = 11.049 s'/EI 
we — 4 wz + 6.3318 ws — 4 we + win = 12.201 s‘/E] | 

It should be noted that in the above group there are thirteen unknowns 
and only nine equations. To eliminate four of the unknowns, the end condi- 
tions must be introduced. At y = 0 the moment and shear produced by the 
earth retained above y = 0 are 
33 X 13 


M _- = — 12,080 in.-lb. 
6 
xX 1R2 
V = — ——— = — 2324. 
2X 12 
with 
_, d*w 2 Wnt+1 —2Ww, + wr-1 
M - El - = — RI] ( ) (10a) 
dx? 3? 
: _ dw Wn+te — 2 Weti + Ow, —-1 — w ‘ 
| RI —— «= — EI ( ) (10b) 
dr 28 
then at y = 0 
12,080 s' s! 
w,; —2uy + wy, - > 20.98 (10¢) 
s* El El 
We —2u, +2w_-, — w-e2 = é El = 19.37 7 (10d) 
from which, 
«! 
WwW 2 w, w, + 20.98 — ° (10e) 
4 | 
Wo 1 wy $w, + we + 22.59 - (10f) 
EI 
W 2 fw, 4 wo + we — 61.32 - (10g) 
El 


At the bottom edge, since the moment and shear is zero, it is apparent from the 
preceding expressions that 
Wo = 2 We — U7..... ; (10h) 
Wio9 —4W9 = —4 0g + UWe.... . (101) 
Thus the unknowns w_., w_i, Ws, and wip can be eliminated immediately in 
Kq. (9). The coefficients of the w’s in the resulting equations are tabulated 
in Table 1 in the appropriate row and column. 


Indirect solution 

The above equations can be solved by either an indirect or a direct solution. 
In the indirect solution, trial values based either on experience or on tem- 
porarily imposed conditions are assumed initially. These assumed values are 
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TABLE 1—SIMULTANEOUS EQUATIONS FOR SHEET PILING WALL 





te | : - 

z| 0 1 2 3 4 5 6 | 7 8 9 

| wo oe miiw«w tf =. | os | ~~ lis 
“i Pe oe Cee Gee ees eee es ee ee 
1] —2| 5.042 «4; +] =| | | | o-6tvar 
; 2 | . 4) | —4 6 083 7 “iil i a ny i ae a : 5 28 4) — 
ta 4 ry ae} es ee eee ee ee 

{ bl =e] OL ee 1 : 7.59 8'/EI 
5 | y —4| 6.2007; —-4| 1 7 8.748/EI 
6 1 “cae 6.249 ‘ -—4 ~ 1 9.90 s4/EI 

7 | — —4| 5.290 -2 11.08/EI 
8 | —  2| <4] 2.332 12.28/EI 





subsequently modified so as to approach the correct values by repeated ap- 
plications of converging increments. The method of moment distribution is a 
familiar example of this technique. Other widely used variations of this 
technique are the iteration process and Southwell’s relaxation procedure. 
Direct solution—Crout method 

On the other hand, the direct solution employs a step by step procedure 
in which the unknowns are successively eliminated. In general, it has been 
found that a direct solution is faster for most problems arising in structural 
design. One of the more rapid methods recently developed to solve simul- 
taneous equations by machine operations is that by Prescott D. Crout.* 


In this method, the original simultaneous equations are transformed into a 
second set of equivalent equations in which all unknowns to the left of a 
diagonal drawn through the original simultaneous equations are eliminated. 
The unknowns to the left of the diagonal are eliminated by expressing them 
in terms of the unknowns remaining on the right side of the diagonal. How- 
ever, instead of writing each equation and eliminating, as in the ordinary 
procedure, the labor is systematized by calculating an auxiliary set of values 
which are tabulated to the left of the diagonal as shown in Table 2, while 
values to the right of the diagonal represent coefficients of the second set of 
simultaneous equations mentioned previously. If the coefficients of the original 
set of simultaneous equations are designated as A;;, in which the subscript 
ij indicates the row and column respectively in which the coefficients occur, 
while the coefficients of the second set are designated as B,;, then the elements 
of the auxiliary system, designated as C;; are given by 


} —] 
Cam Au -a CaBu. (11a) 
ik 0 
h j-l 
Ca=mdy —a@ CaBy.... (11b) 
k 0 


‘A Short Method for Evaluating Determinants and Solving Systems of Linear Equations with Real or Com- 
T A.LE.E 


“ E., V. 60, 1941. 


plex Coefficients, ransactions, 
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~~ |Col. 

= 0 1 2 3 t 5 6 7 8 9 

=f FA em mB ss 8 = = Ri .e 
oO z}l —2 1 32.15 st/EI 

1 —2 1 oazlt —1.920 | +.9602 44.02 st/EI 

a ‘f =3 24s|1|—1.675 |+.8050 | . 49 24 s4/EI 

3 1 |—2.080 1 6silt —1.384 | +.5948 | 38.56 s4/EI 

4 1 | —2.325 2.1 ‘alt -1 221, + .4664 22.38 s4/EI 

5 1 | —2.617 2.419}1| —1.149 | +.4134 11.89 s4/EI 

6 1 |—2.780 | 2.589}1} —1.101 +. 3863 7 94 s4/EI 

7 1 -2 $51, 1.737}1| —.5173 12.55 s4/EI 

S 2 |—1.797 6293} 1 29.99 s4/EI 
ny 395.2 259 .2 155.3 86.53 48.27 31.62 27.27 28.07 29.99 Wn 

10 | —21.0 -32.2 —35.1 —30.5 | —21 6 -12.3 -5.2 -1.1 9 ( Wn+1—2wn +n 
11 0 1550 1850 1550 1150 940 980 1170 1430 , wn X500 K 144 Xy/h 
12 12.1 18.5 20.2 | —17.6 —12.4 7.1 -3.0 0.6 0 | Moment 

13 262 172 103 057 032 021 O18 019 019 Wn, in. 


in which the summation of the product Cy, B,: or Cx B,; is taken from k =0 


tok =it—1,ork =j —1. The value of the coefficients for the reduced 
simultaneous equations is then given by 
k=i-1 
Bu=(4g -2& Caled + Cua.. ; sas ....(11e) 
k 0 


The second set of simultaneous equations shown in Table 2 has been cal- 
culated by substituting numerical values in Eq. (lla), (11b) and (11e). Since 
the various coefficients are dependent on values of the preceding rows and 
columns, it is necessary to proceed from the upper left hand corner. In this 
manner, the elements of the first column are calculated first. Then the 
elements of the first row to the right of the first column is calculated. Follow- 
ing this the second column below the first row is calculated. Next the second 
row to the right of the second column is determined. This process is re- 
peated for the remaining columns and rows. By this process the value of 
the unknown in the last column is determined. With this one value deter- 
mined, the other unknowns are. evaluated by successive substitution in the 
reduced equations. 

To illustrate the procedure, the coefficient in row 4, column 3 will be cal- 
culated. By Eq. (11b) we have 

Ci; = Cas = As (Cao X Bos + Car X Bis X Cae X Bo.) 
t— (0 X 0+ 0 X 0.9602 + 1 X (—) 1.675) 
2.325 
Similarly, the value for the diagonal C4, by Eq. (11a) is 
C44 Aas (C40 X Boa + Can XK Bia + Cae KX Bas + Cs, 
6.166 Ox0+0xX0+41 X 0.8050 + (—) 2.325 & (—) 1.384 
2.144 








950 


Llc) 


cal- 
nce 
ind 
his 
the 
We 
md 
re- 
of 
ter- 
the 


-al- 





FINITE DIFFERENCES IN STRUCTURAL PROBLEMS 245 


Using the relationship expressed in Eq. (11c) we have as the coefficient in 
row 4 column 5 
Bi = Bas = [Aas — (Bao X Bos + Can X Bis + Cae X Bays + Cas x B;,s)] + C45 
=([-4-0x0+0x0+1 x0 + (—) 2.325 X 0.5948)] + 2.144 
= — 1.221 
Table 2 has been evaluated by the procedure outlined above. It can be 
seen that the value of ws is given in row 8. With this unknown thus deter- 
mined, the remaining w’s can be readily evaluated by inserting progressively 
the calculated w’s in the next higher equation in Table 2. In row 9 of Table 
2 the displacement of the wall in terms of s*/EIJ at each point is tabulated. 
By inserting these values in Eq. (10a) the moment at the various points can 
be evaluated. The various values of the soil reaction in lb per sq ft and 
moment in ft-kips are tabulated in row 11 and 12, from which the curves in 
Fig. 4 are drawn. The distribution of soil reaction shown in Fig. 4 is con- 
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Fig. 4—Variation in moment, displacement 21 


T 
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29 | 
Momentinft.kips -20 -10 0 10 20 
Reaction in lb. per sq. ft 0 1000 2000 
Displacement in inches 0 x & 


& 


siderably different than that given in the conventional method of designing 
sheet pile walls. 
Accuracy of approximations 

Accuracy of the approximations can be improved in one of three ways. 
First, a greater number of points can be used, in other words decreasing the 
interval s. The second method consists of incorporating the second term on 
the right hand side of Eq. (6a) to (6d). The third method is by extrapolating 
from values obtained with fewer points. In most cases the latter two methods 
will be preferred. For this example the method of extrapolation will be illus- 
trated. Using only the even numbered points shown in Fig. 3 we find that the 
displacement, bending moment and soil reaction are those given in Table 3. 

It was shown that the error introduced by approximating the derivative 
by the first term of the finite difference series is approximately equal to the 
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TABLE 3—MOMENT, DISPLACEMENT AND SOIL REACTIONS USING 
FOUR INTERVALS 





Point 0 2 4 6 8 


Reaction 0 2310 1240 900 1250 
Moment —12.1 —26.7 —16.5 —4.0 0 
Displacement 0.345 0.128 0.034 0.017 0.017 








square of the interval. If we designate the error with eight intervals as e; 
and that with four intervals as é2 then 


a=c(<) .. eit de dart ha i ; ....(12a) 

8 

é = > — ach : ; .. (12b) 
4 


Subracting Eq. (12b) from (12a) we have 


a-e=e[(>) -(4)] beans oe . . (12¢e) 


Eliminating C in Eq. (12a) we have 
(e: — es) (4)? 3 
= - — - = — (e: — 2)... , pss auk .. (12d) 
(4)? — (4)? 640" 
Now (e; — é2) is equal to the difference in values obtained with four points 
and eight points. Therefore, the magnitude of the error can be found at 


€1 


various points. The improved value is equal to the original value minus the 
calculated error. For example, at point 2 the improved moment value is 

3 

M, = 20.2 — (-—) rv (— 20.2 + 26.7) = 20.2 + 2.2 - 18 ft-kips 
6 
Improved values can be obtained in like manner at the other even numbered 

points. The correction to be applied to the odd numbered points can be ob- 
tained by interpolating the corrections from the even numbered points. The 
moment at point 2, using 16 points, is 17 ft-kips. 


ELLIPTICAL DOME 


Finite differences procedure is applicable with equal facility to problems 
involving two variables. To illustrate its application to this type of prob- 
lem, the bending moments induced by a 45° temperature rise in the elliptical 
dome of uniform thickness, as shown in Fig. 5, will be determined by finite 
differences. The behavior of a shell formed by revolving a surface around 
an axis of rotation is expressed by the two differential equations* 


dtu rifd re lo ro dtdu rifri Etr,? V 
- | - : + — cote — -——[- cot’ ) “u— —— = 0.. (13a) 
d¢* ro Ldo \ ry ry r, dotde T2\fe Ye 


d2V r1 [s (“) Te el Tr} (” : ) y 127,2 P (13) 
— + cote — — -_— - cot*d 7 -Uu - 3b) 
dq? ro Ldo\r, rT) r, dot de re \fe E t*re 


*Timoshenko, Theory of Plates and Shells, pp. 456 and 457. 
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Fig. 5—Elliptical dome 
in which 
V = angle of rotation in the ¢ direction 
u = radial shear multiplied by r2 
r,; = radius of curvature in the ¢ direction 
r. = radius of rotation divided by the sin ¢ 
t = thickness of shell at any point 
For an ellipse, 
a; 1 ta) 
: Re ese” — ERE . (14a 
b (k sin*@ + 1) ( 
a sin @ , 
a (14b) 
b (k sin? @ + 1) 
a* ] 
rs ser (14c) 
b (k sin? @ + 1) 
a- 
with k= ——1.. (14d) 
17) 
Hence 
d (re d / : : 
- (k sin*g@ + 1) = 2k sing cos ¢.... . (14e) 
dé ry do 


Substituting these expressions in Eq. (13a) and (13b), and canceling the term 
re dt 

-, we have 
ry do 


1 di 2): sing cos@ ld ‘Old 3 rtV 
= . + ( . va thich 4 cotd) = Xs _ ( ee -) 4 —- a 0. . (15a) 
E d¢? k sin’@ + 1 E do ksin’?g +17 E b(k sin’@ + 1) 
eV 2k sing cos@ dV “o0td * 12 a®u 
of ( - a at + cote) = (; eon -) V SS = 0..(15b) 
de? k sin’? + 1 do k sin?@ + 1 Et® b (k sin’ + 1) 
The finite difference equations will therefore be 
11 — 2Un + Un—1 (= sing cosd \(“ bi — U ') ( cote ) Un 
—— + { — + cote - _ —~ : 
E (A ¢)* k sin’@ + 1 2EA¢ ksin?g +17 E 
a*t V, ‘ 


——<_— = 0)... 
b(k sin? — 1)? 


Vati — 2Vn + Va-—i m (= sing cosd | \(= 1, — Vu- ') ( cote ) y 
— —— ft ———_—— + ont -)-(— : 
(A ¢)? k sin’g + 1 ” ° 2A¢ k sin*@ + 1 


Mess welnee ie penne (16a) 
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12 a? u,, 
— -=@..... (16b) 
Et (k sin’ + 1)*/ 


Collecting similar terms of w’s and V’s 


Mas [ 1 l 2k sing cos@ )] -: «(— cote ) 
= a ae Oe ae 
E (Ad)? 2A¢ \ k sin’¢ + 1 E (Ae)? k sin’¢ + 1 
n+ 1 2k s 2t Va , 
al ae wn cote) | - = ae (16¢) 
E (Ad)? 2A¢ \k sin’¢ + 1 » (k sin’g + 1)°/: 
1 I 2k sing cos 2 ‘ot 
(Ad)? 2A¢ \k sin*d + 1 (Ag)? k sin*@ + 1 
l 2k sir Ss 12a*u, 
[oo ———— + cote) | + = a ae 
(Ag)? " Oa¢ k sin’?@ + 1 Ebt® (k sin’@ + 1)°/? 


Since the trigonometric functions for the various values of @ can be readily 
evaluated as shown in Table 4, two difference equations for each point can be 
written. The resulting equations are tabulated in Table 5 from coefficients 
contained in Table 4. It should be noted that because of symmetry, uv and V 
are zero at ¢ = 0. It follows that the equations at ¢ = 0 are superfluous. At 
the lower edge the equations have been modified to provide for a displacement 


due to a 45° temperature rise. The radial displacement A = —0.000006 X 45 
<x 100 = —0.027 ft but at the boundary with sin ¢ = 1, we have 
Ldu Luio — Us ‘ 
- = — —— cities ‘ (17a) 
Et de Et 2A¢@ 
Hence 
“t= 4 (0.027t) 2(a¢) = = + 4.7124 X 10-. (17b) 
E E E 
TABLE 4—COEFFICIENTS FOR ELLIPTICAL DOME 
Item Q 0° 10 20 30 40) 50 60 70 80° 90 
y sin @ x 0 17365) . 34202) . 50000) 64278) .76604) . 86603) .93969) 98481 1 0000 
2 | cos¢ 1 98481) .93969) . 86603) .76604| .64279) . 50000) . 34202) . 17365 0 
3 cot @ 5.6713/2.7475 1.7321 1.1918) .83910) .57735) .36397)| . 17633 0 
4 | sin? ¢ 0 |.03015) . 11698} .25000! .41372) . 58682) .75000) . 88302) .96985 1.0000 
5 | cos @ sin @ 0 17101) . 32139) .43301 | .49240) .43301) 32139) .32139).17101 O 
6 | ksint@ + 1 1 }1.1583)1 6141 2.3125/3.1720/4.0808/4.9375'5.6359'6.0917) 6.25 
7 (k sin? “ + 1)1/2 1 |1.0762)1.2705 1.5207|1.7810)2 0201/2. 2220 2.3739)2.4681 2.50 
8 k sin? @ + 1)3/2 1 (1.2466 2.0507 3.5166 .5.6493'8. 2437 10.971) 13.380) 15.035) 15.625 
9 | (k sin? @ + 1)5/2 1 (1.4440'3.3102'8. 1321)17 .920/33 .641/54.171/75.405/91. 589/97 .656 
10 (Dhsingeoss +(ksin2¢ +1 teote 7 .2215)4. 8382/3 6982/2 .8217/2. 1061/1 .4982) .96275)| .47109 0 
11 |(cot@ +(k sin’? + 1))2 23.973 2.8973) .56099 .14116) .04228 01467! .00417) .00084 0 
12 |1 (Ag)? item 10 +2A@ x 18 967/22 .233/24.744 26.794) 28 . 536/30 .070/31.479/32 $28 
13 2 +(A@)2 + item 11 : ; x 89 .627 68. 553/66 .217|65.797)\65.698/65 .670165 660165 657 65.657 
14 |1 +(A@)? + item 10 +2A¢@ 53 .517/46.689/43 .423 40.912)38 . 862.37 .120/35.586\34.178)32 828 
15 125 + item 9 125)86 . 566/37 .763 15 371 6. 8798)3 7157) 2.3075) 1.6578) 1.3648 1.2800 
16 24,000 + item 9 24.000) 16621)7250 .4/2951.3)1339.3'713.41,443.04/ 318.28 262.03 245. 76 
r1 250 + item 5S 250 200 5| 121.9) 71.09) 44.25) 30.32) 22.78) 18.69] 16.62) 16.00 
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Moreover since 





Et? 1 dV Et*® Ve ie = Wiwiniees 
ee ar (18a) 
12 r, do 12 r, 2(A¢) 
then assuming zero moment at lower edge 
Wii Pes ccketmandaveescunes (18b) 


At point 9, (¢ = 90°) the finite difference equations representing Eq. (16c) 
and (16d) are 


Us Ug Ur0 p 
32.828 7 — 65.656 7 + 32.828 = — 1.2800 V, = 0.. (18) 
32.828 Vs — 65.656 Vy + 32.828 Viv + 245.76 2 =0..... _ (18d) 


Eliminating vio and Vy) in Eq. (18c) and (18d) by means of Eq. (17b) and (18b) 
we have for point 9, 


us ug 
65.656 ER 65.656 he 1.2800 V,» = — 4.7124 X 10-* XK 32.828 = — 0.15470 


65.656 Vs — 65.656 V, — 1.2800 E = 0 


The eighteen simultaneous equations are solved in Table 6. The resulting 
values of wand V are tabulated in row 19. From these the value of the bend- 
ing moment is determined by means of Eq. (18a). Intermediate values at 
@ = 85° and 75° have been obtained by taking the difference of adjacent values. 
The values are listed in row (21), and sketched in Fig. 6. 


Elliptical dome © 






| 
\W Moment due to 
45° temperature rise 





Fig. 6—Bending moment in elliptical + 
dome due to 45° temperature rise 


The number of simultaneous equations can be reduced by half by eliminating 
at the start one of the variables. Thus, the u’s in Eq. (16c) can be eliminated 
by expressing uv in terms of V from the relationships obtained by Eq. (16a) at 
points n — 1,n,n + 1. While this alternate procedure reduces the number of 
equations, the expressions become more complex, so that little saving in time 
is achieved. Which method is preferable will depend to a large extent on the 
nature of the problem, and what values are desired. 


SKEW PLATES 
The difference equations obtained for one dimensional analysis can be used 
to obtain expressions for partial derivatives arising in two dimensional analysis 
such as plates. By holding oné of the derivatives constant, the partial deriva- 
tives can be expressed as an operation of one finite difference on the other. 
If points of a network are located by m + 7 in the y direction and by n + 7 
in the x direction, then 
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TABLE 5—EQUATIONS 





Col. | 4 . us 1 5 6 7 s i 


Pt. | Row m/E Vi | u2/E Ve u3/E V ua/E Vs | us/E 


| 
1 1 —89.629 | —86.566 | +53.517 
2 —16.621 | +89.629 -53.517 


2 3 —18.967 | —46.689 


+68 .553 | —46.689 | 





+66.217 | +15.371 | —43.423 

















6 | 99,933 |—2051.3 |4+66.217 | 43.423 | 
7 C= —24 744 +65 797 | +6.8798 —40.912 
. 8 —24 744 —1339.3 +65.797 = 
9 i N, ~26.794 | ; om +65 698 
, 10° | —26.794 |—713.41 
: ~928 .536 
6 | = slimetacticli 
7 13 
: 14 
15 
S 
16 
| 17 
9 
18 
TABLE 6—SOLUTION OF EQUA. 
Col. 
Row 1 2 3 t 5 6 7 Ss 9 
ae So 620] + . 96583 59709 
2 16621 161 is[t 61479 00332 
3 18.967 +18 319 68 mI + .55224 68169 
4 18.967 7262.1 1078 .9 01145 
5 22 .233 +12.278 65 9631 + 23516 65830 
; 6 22 .233 2978 3. 766 salt 2.5584 05666 
7 24.744 SIS S 64.395]1 : 11224 63533 
5 24.744 1402 6 221 .82]1 t 0173. 
9 . 26.794 3 0073 60 751 
10 26.794 821.05. 


11 28.536 
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10 11 12 13 14 15 16 17 18 | 
h ~~ | ue/ I Ve u7/E : Vr a us/E Vs | ug/ ‘E Vo ; ; ‘ 
——|- me iceman = ree 
. “ a on 
* ¥ a 
. 
- toa @ 
7 0 
. a 
40.912 a 0 
“43.7157 |—38.862 me ae 
4 65. 698 - 38 S62 “0 
. +65.670 | +2.3075 | —37.120 | * 0 
28.536 |—443.04 |+65.670 —37.120 0 
: —30.070 +-65.660 | +1.6578 | —35.586 | ; 0 
—— — 30.070 318.28 | +65.660 —35.586 ’ 0 
~31.479 +65.657 |+1.3648 |—34.178 <a 
| = 31.479 | —262.03 | +65.657 = a 34, 178 : 
| —65.656 +65 656 4] .2800 : 15470 
, —65.656 |—245.76 | +65.656 | = 0 —_ 
TIONS FOR ELLIPTICAL DOME 
10 11 12 13 14 15 16 17 18 
0 
0 : 
0 
—_ - ‘ 
0 
0 
0 
‘ -18444| | 0 
-.07029| — .63963 : i : 
aumieiaiiel ‘ " 
118.47]1] —4.4331| — .32804 0 
“+2.0057| 56 308] + .05266| — .65923 7 0 
28.536) —569.54) 86. 302|1| 4.356 3505| — .43012 0 
30 070 ie 5835) 52.727 ]1| + .04436) — .67492 . 0 
| 30 .070 —449.10 72.645]1 =+. 1733 ~ .48984 ; 7 0 
~31.479 +1.3964) 50 ). 237|1| +.04078) — —68032| | 0 
| 31.479 =e 66. 280]1 —4 0376 — 51565 nm 0 
* fa 65.656 42 .6777 31 s0o|i| "08367 is — 4.8648 xX 10-8 
i — | —~65.656| — —510.86| 74. 544|1| gs = 33,339 X 10-2 
-678 | +.4796 | —4.419 |+ -3748 |—14. 065) —. 36901) - 570 — 0752) —33.339 (X 10-5) 
a m4] [-an.a5 | =e v| | © | YWaes— Vea 
$2.4 | | +8.3 | 412.1 | 414.6 | +16.9*] 414.7 | 412.3*| 0 | Mn ft- Kips 








* Interpolated values. 
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O*w d dw : d Wadd. o4-5 = Wait, o m1 
ne he coe ee ae . (19a) 
OYOX my dijm \dx, dym 2rs 
1 





Wmt+i, n+1 — Wm+1, n—1 Wm—1, n+1 — Wm—1, n—1 
2rs 2rs | 
mace ee ee 19 
2s _ 
u 2 1 1 — Wm-1 1T Wm-1 1 , 
P (19¢) 
trs* 
— ; O*w 
In a similar manner, for ———. we have 
Ox-doy* 
O*w d? d?*w dad Wat-i, nt-1 — 20m+s, n TT Wnts, a—! F 
— _= — = — - -).. (20a) 
OY? OX? m 1 dy*m \dx*, dy? m rs? 
= (Wm+1. n+1 — 2Wmti. n + Wm4i, n—1 — 2ZWm, n4+1 + 40m, n — 2Wm, 2-1 + 
Wm —1, n+1 — 2Wm—1 DF Oi a en OE SO cake hin koma wae oleae wee sees (ae) 


The finite difference equivalents for any other partial derivative can be 
obtained by the same procedure. 

One of the problems that can be solved more readily by finite differences 
than by other methods is that of skew plates. To illustrate the procedure 
used in two dimensions, a skew plate subject to a uniform load and free along 
two boundaries while fixed at the other boundaries with the dimensions and 
angle shown in Fig. 7 will be analyzed. The differential equation for a skew 


3 


Fixed edge 








Fixed edge 


< 
3 oo 


Fig. 7—Plan of skew plate 


plate using skew coordinates is. 
Ow F Ow : O*w ' O'w Otw cos'¢ : 
t sing — + 2(2 sin’¢ + 1) — 4sing - + - ——, (21) 
ov Ov"du Ov7du" Oudov ous EI] 
From previous considerations the finite difference equivalents at a typical 
point (Fig. 7) is given by 


Ow 

(Wm+2. n 1wWmti,n + 6Wm, n — 4Wm-1, n + Wm-2, n) + 8! (22a) 
ov* 
Ow : 
—- (Wm +2, n+1 20m+1, n-+1 + 2Wm—1, n+ Wm —2, n+1 Wm+2, n—1 
Ou dv’ 
Pints awe Qn —1. n—-1 + Wn —2, a—1) + 4rs*.... ; .. .(22b) 
Ow 
ane wu 1 1 2Wm 1+ Wm—1 1 20m 4-1 + 4W» 2u — 
au-ov 


Wm + 





1 








50 


Ja) 
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O*w 


Sa = (Wm +1 n+2 — 20m+1, n+1 + 20m+1, n—1 — Wm+1, n—2 — Wm-1, n+2 T 
du*dv ; 
2m —1, n+-1 — 2Wm—1, n—1 + We—1, n—2) & 4r* 8‘... ha uiicd es . . (22d) 
o*w ; 
— = (Wm, nt2 — 40m, n4+1 + Gm, n — 40m, n-1 + Wm, n—2) + ist ... (22e) 
out 

Letting ¢ = 45° and r = 14 then the difference equation for the interior 


points is 


1.414 Wm +2, n+1 + Wm+2, n + 1.4140m+2, n-1 — 5.657 Wm 41, nt+2 + 30.14 wns, ati — 

36.00 Wm +1, n + 1.858 Wn4+i, n—1 + 5.657 Wii, n—-2 + 16.00 Wm, n+2 — 96.00 wm, n41 + 

166.0 Wm, n — 96.00 wm, n—1 + 16.00 wm, n—2 + 5.657 Wm —1, n+2 + 1.858 Wm—1, nti — 

360m —1, n + 30.14 Wm —1. n—-1 — 5.657 Wm —1, n—2 + 1.414 wm —2, nt+1 + Wm-2,2 — 

Ce ee . aT 
4EI 


This relationship is presented graphically in Fig. 8. Eq. (23) applies to all 
interior points. 





Fig. 8—Finite difference equation in skew ) py 
coordinate system for interior points n-2 n-] nm n+l nt? 


At the fixed edge, v = 0, the displacement and rotation in the v direction 
has been set equal to zero. 
Hence 
Wo.2 = 0.. (24a) 
and 
Wi,n = W-1i,n.. , ; (24b) 
Along the free edges, it can be shown that the differential expressions nec- 
essary to make the moment and reaction normal to the edge equal to zero are 


EI /(#w . aw oe = 
M, =0 = - —— — 2 sing — es —— 2, (25a) 
cos*@ \ du? du Ov ov" 
EI Ow ‘ Ow P oe eu 
R, =0 = - - | — — 3 sing —— + (2 cos* + 3 sin*g) —— — 
cos*? Lou Ou?dv Oudv- 
oo = 5 Oe i 
(2 cos*¢sing + sin’¢) —].. (25b) 
av” 
Expressing Eq. (25a) and (25b) in terms of finite differences, we have at u = 0 
or u = 4rs 
Wm, nt1 — 20m, n + Wm, 2-1 
M, =0 = — mt — 
pig? 
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= Wm+1, nt1 — Wm+1, n-—1 — Wm—-1, n4+1 + Wm —1, n—1 . 
2 sing {| —— : —}+ 


4rs? 
. -, (Wm+1. 2 — 20m, n + Wm—1, 2 OF, 
taty (te — Bi Feely . (26a) 
32 
_ Wm, nt+2 — 20m, nt1 + 20m, n—1 — Wm, n—2 i 
R, =0 = — a a 
or 83 





(= $1, n+1 — 2Wm+1, 2 + Wm41, n—1 — Wm—1, n4+1 + 2Wm-1, n — Wn-1, =) 





(2 cos*@ + 3 sin*¢) 


(fet ati — 2Wm, nt+1 + Wm—1, n+1 — Wm+1, n—1 + 20m. 2-1 — Wm-t, 2 =") 





y ‘ Wm+2,n — 2Wm+1, n + 2Wm—-1. n — Wm—2. 
(2 cos*@ sing + sin*¢) | ——— = = > nes *) . (26b) 
« &° 
When r = % and @ = 45°, Eq. (26a) and (26b) reduce to 
0 = — 0.707 wm+i, nt1 + 0.5 Wns, n + 0.707 Wnts, n—1 + 4.00 Wm, n4+1 — 9.00 wm, n+ 
4.00 Wa, n—1 + 0.707 wa —1, 24-1 + 0.5 tn —1, 2 — 0.707 wa —i, 24-1. ..... . (27a) 


0 = — 1.061 wm+2, n — 3.485 Wm+1, nt1 + 19.09 wi, n — 13.49 wi, n-1 + 
8.00 wm, n+2 — 26.00 wm, n+1 + 26.00 wm, n—1 — 8.00 wm, n—2 + 13.49 wm 1, n41 





ee ee Se ee - seuss (27D) 
which are presented graphically in Fig. 9. The coefficients at points wp,» and 
Free edge 
msl | 
™ GE GOp-Gi- — (60). 
m-l Gra} a Go) m-l G48 (609) (54) A 
n-l on net a 
m-2 4 (061) 
4 + 
n-2 n-l nn nel ne2 + — : 2 
(2) (b) Fig. 9—Finite difference equations for mo- 


ment and reaction at free edge. 


Wm,-¢ are eliminated by combining Eq. (27b) taken along the free edges at 
pointS Wma, Wm and Wn y1 With Eq. (23) taken at point w,. The resulting 
relationship is pictured in Fig. 10 for both edges. <A sufficient number of 
equations can thus be written to evaluate the deflections at all points. These 
equations are solved in the same manner as shown in the preceding example. 
The bending moment in the v and x direction determined by the analysis are 
summarized in Table 7. 

Crout’s solution of simultaneous equations becomes unwieldly for a finer 
network than that used in the example. With more points, the number of 
operations to obtain the various coefficients is increased considerably. There- 
fore, it is preferable in those cases where a fine network is needed to use South- 
well’s relaxation method. N. M. Frocht in Chapter 8 of his Photoelasticity, 
Wiley, 1948, presents a concise introduction to the relaxation procedure. 
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Fig. 10—Finite difference equations along free edges 


TABLE 7—MOMENT IN SKEW PLATE, FIXED AT TWO EDGES, FREE AT OTHER 
TWO, SUBJECT TO UNIFORM LOAD 
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BY WAY OF SYNOPSIS 


Homer M. Hapiey questions the use of the plastic theory for the design of 


concrete flexural members. 


LESLIE Poo e describes a unique design for a shopping center using lightweight 


concrete frames. 


A Reaver chuckles over the etymological offspring of the word concrete. 


Skepticism Regarding the Plastic Theory of Design (LR 47-66) 


At the recent convention in Seattle of the 
American Society for Engineering Education 
a speaker advised his audience that the tenac- 
ity with which they clung to the teaching of 
the straight line theory (of flexure) for the 
design of reinforced concrete was “‘very 
much like continuing to teach geography 
students that the earth is flat when we know 
better.” He added, “Perhaps I should not 
be quite so dogmatic because a transition 
period probably should be allowed between 
the teaching of even a known untruth and 
that which has been recognized for half a 
century or more and proved by research 
over and over again.” The egregious error 
to which the speaker referred is the -failure 
to teach “the plastic theory of design.” 
“Today we are in the anomalous position of 
recognizing the plastic characteristics of 
concrete in the design of columns while 
adhering to the elastic theory in the design 
of flexural members.” 

Proof is needed 

Without knowing the precise reasons why 
the plastic theory of design is not widely 
taught in the engineering colleges of the 


country, it occurs to the writer that in- 
adequacy of supporting data and evidence 
constitutes a sound and valid reason for not 
teaching it. When in 1522 Magellan’s ex- 
pedition arrived at its starting point after 
continuously sailing in a westerly direction 
from that starting point for about three 
years, the feeling was general and wide- 
spread that the earth must be round. Sub- 
sequent to that time the experiment has been 
repeated again and again and always with 
identical results. Sail away—or fly away 
from your starting point in any direction 
and continue long enough upon that course 
and presently you'll be back at your starting 
point. The earth is round. To quote again 
from the speaker: “as abundantly shown by 
research.” 

It was likewise in Magellan’s time that 
mankind was coming to a wider realization 
of the fact that natural laws are persistent, 
inviolate and uniform throughout the world 
and are not created either by revelation, 
proclamation, authority or plain ballyhoo. 
A natural phenomenon observed, say in 
Berlin, Germany, or in Chicago, IIl., can 
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under like conditions similarly be observed 
in Seattle, Wash., or in Denver, Colo., or 
anywhere else in the world and if the pheno- 
menon cannot be duplicated and reproduced 
elsewhere then certainly there is no need for 
haste in accepting theories based upon the 
first reported findings—no need for haste in 
ascribing to such theories truth akin to that 
abiding in the fact that the earth is round. 
On the contrary there is every need to go 
slow, to find out exactly what is what before 
teaching or recommending the teaching of 
questionable theory to trusting students. 
Concrete characteristics 

The fact that brittle—that 
under blows it will crack and shatter, that 
unlike edges of steel which bend and buckle, 


concrete is 


concrete’s thin edges and corners, break com- 
pletely off—in short, that concrete is lack- 
ing in tensile cohesiveness has long seemed 
to the writer to be one of its salient character- 
istics. It is because of its low tensile strength 
that reinforcement is combined with it to 
make the material of today’s vast usage 
reinforced concrete. But in either plain 
or reinforced form the brittleness, the in- 
significant tensile strength, persists and is an 
inherent characteristic of concrete. 

Another salient characteristic of concrete 
is its heterogenous structure. Look at any 
specimen of cut or broken concrete that re- 
veals its physical nature and what does one 
see? An 


arrangement of 


utterly random, heterogeneous 


aggregate particles, large 
and small, gripped and held in a matrix of 


That 


should be in 


hardened mortar and cement paste. 


concrete’s greatest strength 
compression and that it should be weak in 
tension is certainly indicated by its structure. 

Still another 


Which it shares with all other materials, is 


characteristic of | concrete, 
its unfailing tendency when subjected to 
axial compression to bow laterally. It seeks 
to relieve itself of load or to transfer loads to 
other elements by shortening with sidewise 
movement. To what degree this action is 
developed depends upon the loading, shape, 
dimensions, ete. but always it is present. 
With all materials this tendency to bow 
laterally involves curvature either of the 
entire specimen or of its parts. Likewise 


curvature involves bending and _ tensile 


stresses. With concrete this is a serious 


deficiency. 
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A realistic method? 

Such 
conditions respecting concrete, it was with 
amazement and incredulity that the writer 
read the paper “Plastic Theory of Reinforced 
Concrete Design” by Charles 8. Whitney 
(Trans., A.S.C.E., V. 107, 1942, p. 251). In 
the’ paper’s synopsis it is stated to be “a 


being the basic and fundamental 


realistic method” and one ‘which recog- 
nizes the true characteristics of the material 
determined by research.” 

This research appears to have consisted 
wholly of the work of two seniors at the Uni- 
versity of Wisconsin and was presented in 
Mr. Whitney’s Fig. 1, being titled “Typical 
Stress-Strain Curves for Concrete Cylinders 
They 
straight-line stress-strain relationships up to 
about 3200 psi at a unit strain of 0.0010, 
rounding off at a maximum stress 3500 to 
4200 psi at unit strains of 0.0016 to 0.0020, 
and then gradually losing stress, more sharply 


in Compression.” show customary 


at first, more slowly afterwards but at a unit 
stress of 0.0080 having a strength of 1500 
psi. The continuity of the curves and the 
absence of any qualifying notes left the 
reader no other possible interpretation of 
them than that they presented the record of 
the cylinders’ behavior and that the concrete 
was as sound and unbroken at the end of the 
tests as it was at the outset. It was from 
these cylinders that Mr. Whitney developed 
his proposed pattern of stress-distribution in 
flexure at ultimate load: a rectangular pattern 
with stress arbitrarily taken at 0.85f’. and of 
constant value from the outermost fiber to 
the neutral axis where it abruptly terminated 
and vanished. The writer wrote some dis- 
cussion of this paper and raised several ques- 
Mr. Whitney 
in his closure failed to answer them. 


tions regarding the tests but 


A year or two later Vernon P. Jensen, then 
Research Associate Professor of Theoretical 
and Applied Mechanics, University of Hlinois, 
developed and published his paper ‘Ultimate 
Strength of Reinforced Concrete Beams as 
Related to the Plasticity Ratio of Concrete.” 
Bulletin Series No. 345 of 
the Engineering Experiment Station, Uni- 
versity of Illinois, and in the ACI Journat, 
June 1943, Proc. V. Its pattern 
of stress distribution is essentially the same 


It appears in 


39, p. 565. 


as Mr. Whitney’s but is refined to avoid the 
abrupt change from full stress to no stress 
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at the neutral axis and it employs the full 
cylinder strength as maximum stress at 
ultimate load rather than Mr. Whitney’s 
0.85f".. 

The truly unique feature of Professor 
Jensen’s paper is this, however: it reports 
physical data and evidence for only the 
minor part of its stress-pattern, z.e., for the 
straight-line and largely inconsequential 
part adjacent to the neutral axis. For the 
major part of the stress pattern no physical 
evidence or data whatsoever is submitted 
merely the speculation of Saliger as to what 
may be the 


““ 


stress-strain diagram for con- 
crete at strains approaching rupture.” This 
reported speculation shows a_ stress-strain 
curve sweeping up to a maximum f’, value 
at a unit strain of ¢,, then extending pre- 
dominantly horizontally but with some loss 
in stress to a maximum strain of from 3 to 
7. In conjunction with the Saliger specu- 
lation Professor Jensen employs a new set 
of values for the modular ratio, n, which 
are at marked variance with those commonly 
employed on Joint Committee and ACI 
recommendations and writes—purely arbi- 
trarily—an adaptation of the Saliger specu- 
lation into a cunning formula for 8, which is 
the supposed measure of “the horizontal 
portion of the idealized stress strain curve.” 
This formula tells us that with 2000-lb con- 
crete the maximum stress holds unchanged 
until deformation under it becomes 4 times 
the deformation developed in going from a 
condition of no stress to maximum f’, stress 
whereas with 4000-lb concrete it is merely 
equal to that deformation and with 6000-Ib 
concrete it is but 1/3 of that deformation. 


Discrete “ 

Now the writer is filled with incredulity 
and disbelief when Professor Saliger or any- 
one else invites him to believe that plain 
concrete—i.e., plain, ordinary, brittle con- 
crete—can be subjected to test cylinder 
compression up to its maximum strength 
and that it will thereafter hold itself intact 
and proceed to deform like a metal under 
sustained maximum or reducing load. 

Such disbelief led to the testing of a dozen 
cylinders a few years ago—see ‘When Con- 
crete Becomes Discrete,” Civil Engineering, 
Apr. 1950 and correction, May 1950. As 
might have been expected nothing remotely 








Fig. 1—Cylinder at outer end of the 
“plastic range.” 


resembling the Saliger speculation or the 
Jensen horizontal 8 value was to be found 
in their stress-strain curves. There was most 
excellent agreement with the Whitney curves 
with these exceptions: it was found that at the 
extreme end of the curves the cylinders were 
completely shattered, broken and were held 
together merely by friction and aggregate 
interlock (Fig. 1); it was also found that at 
any point beyond the maximum the sudden 
application of additional load caused the 
cylinder to collapse utterly and break into 
countless fragments. It was therefore con- 
cluded that all portions of the curve beyond 
the maximum point were devoid of struc- 
tural significance and that such worthless, 
fissured concrete might well be called ‘Dis- 


crete.” 


Plastic characteristics 


There may still remain troubling thoughts 
in some minds over the agreement between 
beam tests and these plastic theories. How 
can the theories be unsound when this agree- 
ment exists? The writer is ignorant regard- 
ing the details of their development. Perhaps 
the Van den Broek theory of limit design 
may have influenced them. He would 
conjecture that the Jensen theory developed 
from the problem. of harmonizing beam 
tests with a flexural pattern whose maximum 
stress was to be the 6 x 12 cylinder stress, 


f'.. If this should be the case, he can but 


admire the mathematical nicety and crafts- 
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manship it reveals. how- 
doesn’t fit 
and it is not to be applied to it by mere 


assumption or by authority. 


Unfortunately, 


ever, it the material, concrete, 


Actually the old and familiar straight-line 
theory of stress distribution, employing the 
Slater-Lyse constants, will agree with beam 
tests as well as do the plastic or ultimate 
All that is needed to restore wide- 
that 

by anyone as a 
efforts that 
discredit the straight-line 
that 
flexural strength of concrete is not its 6x 12 


theories. 
spread satisfaction with it—if indeed 


has been lost 
the 


made to 


satisfaction 


result of sustained have 
been 
the maximum 


theory—is a realization 


cylinder strength but is much 
greater: 1.75 the cylinder strength 
2000-Ib 1.50 that 
strength with 3000-lb concrete; times 
that 6000-Ib Per- 
haps someone can devise a formula that will 


something 
times 
times 

1.40 


concrete. 


with concrete; 


strength with 
yield these values when the various concrete 
into it. By 
calling the value p or w, or something of the 


strengths, f’., are introduced 


sort, a tone of scientific research or whatnot 
can be imparted to it. 
with f’. 


But by using these 
constants the straight-line theory 
will yield perfect agreement with beam tests 


and since all portions of the cylinder stress- 


strain curves beyond the maximum are 
devoid of structural value, it is with the 
straight-line portions of such curves—the 
so-called “elastic range’’—that we must 


perforce be content. 


As for 
istics of concrete in the design of columns 


“recognizing the plastic character- 


while adhering to the elastic theory in the 


design of flexural members” there is only 
this to be said: 


The 


columns are the 


“Don’t let it worry, you.” 


“plastic characteristics’ observed in 


slow, long-time. deforma- 
tions which unload the concrete and load up 
formulas which are 


the steel. The column 


Roof Suspended from Lightweight 


Interesting architectural design and unique 
the 
use of concrete frames exposed above the 


engineering techniques—which feature 


building’s roof—characterize a new shopping 


center in Portland, Ore. The roof and ceiling 


of the new building are suspended from five 


lightweight conerete frames by steel rods 
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used resulted from the long-time column 
tests at Lehigh University and the Univer- 
sity of Illinois and are in accordance with 
the results of those tests. But these column 


plastic characteristics are wholly different 


from the nonexistent, sudden ones that 
ultimate design has sought to create and 


find in concrete cylinders. The latter simply 
do not exist. They are pure fiction. There 
the fact that 
the plastic characteristics found in columns 


is no fiction, however, about 
likewise exist in beams. See Sergev’s paper 


“Deformations of Steel Reinforcement Dur- 


ing and After Construction,”’ 7'’rans. A.S.C.E., 















i 
a 


Fig. 2—View of deck of shallow box-girder 
bridge, inadequately cambered, whose spans 
of 72 fi, 73 ft and 100 ft sagged '% in., 1! 
in. and 21% in., respectively, in about 2! 
years 


9 
9 


1934, p. 1348, for an interesting account of 
stress conditions in beams and columns of a 
concrete building for the first 214 years of 
its existence. Fortunately, however, in 
the ordinary case of short spans and fair 
disturbing in their 


depths they are not 


deformational aspects. But with long spans 
and shallow depths they are no joke. Fig. 2 


illustrates this fact in the case of an other- 
wise fine bridge wherein the camber allow- 
ances were wholly inadequate. 

The writer is of the opinion that the earth 
that 
for concrete flexural 


is round and the “plastic theory of 


design” members is or 

should be as flat as a punctured balloon. 
Homer M: Hap ey, consulting 
engineer, Seattle, Wash. 


Concrete Fremes (LR 47-67) 


(Fig. 1), enabling the construction of 40,000 
sq It of store floor space without pillars. 


The Fred Meyer Burlingame Shopping 
Center presented a rather complex design 
problem. As is true with most buildings 


of this kind, low cost of construction was of 


primary importance except as it might be 
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Courtesy Ackroyd Photography, Inc. 


Fig. 1—The concrete frames eliminated columns in the store area and also presented a pleasing 


architectural treatment. 


affected by insurance rates and cost of 
maintenance. An open floor space free from 
columns or other obstructions was desired 
since it would allow complete freedom in the 
arrangement of fixtures and merchandise. It 
was also important that the building be 
attractive to the eye. 

The major factor affecting the design was 
the nature of the site. The shape of the 
property and the zone limits established the 
shape of the building as shown in Fig. 2. 
The building is located at the foot of a hill 
and the design had to be one that would 
stand out and still be in harmony with the 
background. 


1$3°0° 








re 





bo” manauce 
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The use of beams and joists was immedi- 
ately discarded as necessitating too many 
columns within the shopping area. The use 
of trusses of any conventional type would 
present a large, unattractive roof area to view 
and would involve some rather complicated 
and expensive framing. It was finally de- 
cided that some type of arch projecting above 
the roof would more nearly fulfill all require- 
ments than any other type of construction. 

Laminated wood as well as steel arches 
were both discarded as being too costly and 
too expensive to maintain. Concrete seemed 
the most practical material from any point 
of view. 





Margaute 
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g. 2—Shape of the shopping center as established by the property 
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Fig. 3—The frames are neither a true arch nor a truss, but a combination 


The design selected (Fig. 3), is neither a 
true arch nor a truss but might be considered 
a combination of the two. Diagonal web 
members the top chord 
being designed to resist the bending induced 
by the roof load. The roof load is carried 
directly on the lower chord which is in turn 
supported from the upper chord by steel 
rods. 


are eliminated, 


The selection of this design resulted in 
economies in roof framing which resulted in 
an over-all cost comparable to that of any 
other type of construction for a building of 
the same class. It must be remembered that 
the shape of the building would make any 
method of roof framing rather expensive. 

Roof and ceiling joists were laced together 
to form light parallel chord trusses spanning 
the 40 ft between the concrete frames. These 
trussed joists were prefabricated then hung 
at 2 ft 
This reduced the cost of framing 


from the lower chords of the frames 
centers. 
the ceiling and effectively speeded comple- 
tion of the building. 

To avoid making the frames too massive 
in appearance it was decided to use a con- 
crete mix developing a compressive strength 
of 3000 psi in 28 days. 
this strength made it possible to hold the 


Using concrete of 


size of the section within the desired limits. 
The amount of reinforcement required, how- 
ever, was so great that 
difficulty might be encountered in placing 
the concrete without 


it was feared some 


the formation of rock 
pockets. This was particularly important 
in the bottom chord where complete em- 
bedment was necessary to fully develop the 
steel in tension. 
of lightweight concrete as a suitable material. 


This led to the consideration 


Preliminary investigation revealed that 
most of the lightweight aggregates available 
on the local market would not develop the 
required strength without the addition of a 
considerable amount of sand which added 
too much weight to the concrete. Lite Rock, 
an expanded shale aggregate, was chosen as 
having the lightest weight for the required 
strength of any of the local materials. 

The maximum weight of concrete allowed 
by the specifications was 95 lb per cu ft. 
This resulted in reducing the weight of each 
complete frame from 115 tons to 73 tons. 
Upon investigation it that 
this reduction in dead load reduced the re- 


was discovered 


quired amount of reinforcing steel enough to 
justify the additional $5.00 per yd spent for 


the lightweight concrete. This smaller 
amount of steel and the ease of placing the 
lightweight concrete resulted in the con- 


tractor being able to place the concrete with- 
out noticeable honeycombing. 
As 


proved original assumptions to be conserva- 


the job progressed laboratory tests 
tive. While the dry weight varied between 
90 and 95 lb per cu ft, the 28-day strength 
varied from 3640 to 6580 psi. 
in strength is explained in part by the fact 
that we did some experimenting during the 
We varied the water- 
the 
aggregate and changed the size of the batch 
We found that the addition 
of a small amount of quarry dust and reducing 
the size of the batch in the mixer were im- 


This variation 


progress of the job. 
cement ratio, changed the grading of 


in the mixer. 


portant factors in increasing the strength of 
the concrete. 

The design of this building again demon- 
that a direct relationship 


strated there is 
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between good engineering and good archi- 
tecture. We achieved the desired  archi- 
tectural effect and in the final analysis the 


Concrete’s Etymological Offspring 


(The writer of a recent letter to the editor 
was having a laugh about the etymological 
offspring of the word “concrete,” a chuckle 
we couldn't help but pass on to JouRNAL 
readers. He writes in very good humor as 
follows—Epiror) 

The word concrete has spawned a large 
crop of etymological offspring, some of which 
are of highly dubious legitimacy. The 
following have been noted, in print, in reput- 
able technical journals. 
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cost of construction showed no increase. 


(LR 47-68) 


Brikcrete 
Calcrete 
Celocrete 
Glascrete 
Jetcrete 
Joltcrete 
Lenscrete 
Mascrete 


LEsLIE PooLe, engineer, 


Portland, Ore. 


Patchcrete 
Plasticrete 


Pumicrete 


Pumpcrete 


Sakcrete 

Screwcrete 
Shadecrete 
Strestcrete 


1 do not know if this list will be of interest 


to you; I send it because it amused me. 


LEADER 

















Foamed slag 








Building Industry Distributors Course B, No. 12, 
Foamed Slag Producers Federation Ltd., London, 
1948, 16 pp. 


BuILpING Science ABSTRACTS 


Aug. 1949 
The manufacture and properties of foamed 
slag aggregate and of foamed slag concrete 


e described, and the uses of 


a principal 


foamed slag concrete are briefly indicated. 


Reinforced concrete secticns subject to un- 
symmetrical bending 


K. Hrusan, Technich 
No. 8, pp. 113-117 


y Obzor (Prague), V. 58, 1950, 


Ivan M. Viest 


Reviewed by 


This paper deals with reinforced concrete 
beams of rectangular cross section subjected 
to unsymmetrical bending and combination 
of unsymmetrical bending with direct com- 
pression or tension. Equations are derived 
for factor of safety against failure on the 


basis of an ultimate theory assuming a 


block. The 


supplemented by four numerical examples. 


rectangular stress 


theory is 


Prefabrication of concrete members (La pie- 
fabrication des materiaux en beton) 
Re des Materiaux (Paris), No. 418, July 


f 1950, 
pp. 243-246 


Reviewed by Putturr L. Meivinur 


To speed reconstruction the French na- 
tional railroads have used precast members 
successfully in repair shops and round houses. 
Casting was done in steel-lined wooden molds 
Aggregate 
gradation was carefully controlled and the 


or later in unlined conerete ones. 


water-cement ratio kept as low as possible. 
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V-shaped columns, window frames, slabs are 


among those described. 


Design and calculation of flat slab floors 
(Ontwerp en berekening van paddestoel- 
vloeren) 
A. M. Haas, Martinus Nijhoff, ’s Gravenhage, 245 
pp. 13 guilders 
Reviewed by J. W. T. Van Eni 
The author develops along purely analytical 
lines a complete mathematical investigation 
of flat slab structures. Due attention is paid 
to the monolithic character of this type of 
that the floor 
and around the 


construction and to the fact 
thickness is increased in 
column head. This last point has, in former 
theoretical investigations, been insufficiently 
considered. For this reason the results pre- 
sented as design data should prove valuable, 
the more so because a summary in English is 


included. 


The design of continuous beams (Zur Berech- 
nung der Durchlauftraeger) 


R. Lamrerc, Die Bautechr Berlin), July 
No. 7, pp. 205-208 


1949, 


Reviewed by Rupo.rn Fiscut 


The method of the conjugated matrix for 
the design of continuous beams deserves to 
It is especially 


be more generally known. 


useful in solving a sequence of loading 
conditions. 


The 


can be written in matrix form. 


system of three-moment equations 
By solving 
these equations for a unit load, a conjugated 
Using this matrix 


matrix can be formed. 


and the real loading. members, each moment 
Nov. 1959 Prove tings 


Conies of articles or boos reviewed are not available 
Address, when available, 
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equation can be written down immediately. 
The factors of these equations are built after 
certain laws, which are developed in this 
paper. General formulas and rules are 
given, after which the moment factors can 
be figured quite mechanically. 

Formulas are given for beams with four to 
six supports, but can easily be extended to 
more supports. Two examples and a table 
with loading members are given. 


Influences on concrete and reinforced concrete 

(Einfluesse auf Beton und Stahlbeton) 

A. KLEINLOGEL, Wilhelm Ernst & Sohn, Berlin, 1950, 

5th Edition, 340 pp. 24.50 DM plus postage 
Reviewed by Rupotpn Fiscuy 

The fifth edition of this well-known refer- 
ence book for practical use has been com- 
pletely revised and enlarged. 

Chemical, mechanical, and other actions 
on concrete and reinforced concrete are 
listed in alphabetic order. It is shown how 
they effect the proper qualities of concrete, 
and means of protection are discussed. 

Numerous references are given, and an 
appendix translates chemical terms into 
English and French. 


Statical diary (Statisches tagebuch) 


Kart Srapor, Karl Marklein, Dusseldorf, 1950, 
200 pp. $3.40 
Reviewed by Werner H. Gumpertrz 

The author attempts to give the young 
engineer some structural information in 
widely scattered fields. The book presents 
elementary structural knowledge which will 
be especially useful for the design of simple 
structures and temporary construction. It 
will probably be most useful to the field 
engineer whose structural knowledge is’ 
limited. The author has confined himself 
to the realistic treatment of essential prob- 
lems which are likely to come up-on any 
major construction job. 

This book: fulfills a need in a field where 
theoretical refinement is undesirable. 


Thin shell roof construction (Schaaldaken) 
W. VAN DER Scurier, Cement (Amsterdam), No. 11-12, 
1949, p. 220 
Reviewed by J. W. T. Van Erp 
The necessity for utmost economy has 
pushed the development of thin shell roof 
construction. Its advantages for industrial 
buildings are mainly: 
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1. Small amount of material per sq ft of 
roof area. For this structure, where the 
shells are 24 ft wide and span 45 ft there is 
4.9 psf steel or 0.6 cu ft per sq ft of concrete. 

2. Large spans are possible with a mini- 
mum number of columns. 

3. Favorably diffused daylighting is ob- 
tained in sawtooth-roof construction by the 
reflection of the light against the concave 
underside of the roofshells. 

4. Accelerated construction is possible due 
to the use of uniform units. Formwork is 
light, a factor of importance where con- 
struction timber is scarce. 

The manufacturing area described had 
quarter circle sawtooth-roof sections stiff- 
ened by its adjacent gutter section. The 
shell is 314 in. thick in the middle. Con- 
crete mix was 1:114:2!%. Two and one-half 


in. vermiculite insulates the top of shelis. 


Strontium and barium cements 
AL. Bronskt, Cement and Lime Manufacture (London), 


V. 23, No. 2, 1950, p. 30 
Reviewed by R. P. VeLuLInes 

Some interesting properties of cements 
made from the alkaline metallic minerals 
other than calcium are described. Reference 
is made to original investigation reported in 
the proceedings of the Rumanian Chemical 
Society (Bulletin of Pure and Applied Chem- 
istry, V. 37, 1934) and to later work by W. F. 
Shurawlew (1940) of Leningrad and G. Gallo 
(1947) in Italy. Barium cement is said to 
have an extraordinary resistance to chemical 
attack in general and nearly absolute re- 
sistance to corrosive action’ of sea water. 
Protection against X-rays and gamma-rays 
is indicated. Strontium cement is somewhat 
less resistant generally than the barium 
cement. Simple, double and triple com- 
pounds of which alkaline cements are con- 
stituted are indicated. 

The metallic alkalies (lithium, sodium and 
potassium) and the elements (magnesium, 
zine and lead) are incapable of forming 
hydraulic cements. Theoretical and practical 
research on barium, strontium, barium- 
strontium and calcium-barium cements may 
lead“to solution of problems associated with 
the constitution of cement, the heat of 
hydration and other matters not at present 
explicable, such as setting, hardening, shrink- 
age, expansion and strength, 
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The Sclayn bridge over the Meuse (Continued) 
(Le pont de Sclayn sur le Meuse (Suite et fin)) 


Erwin Strorrer, Annales des Travaux Publics de 
Belgique, No. 4, Aug. 1950 
Reviewed by Cuartes C. ZoLLMAN 

The author deals first with the principles 
of design on which this continuous Blaton- 
Magnel prestressed structure is based. He 
then describes some phases of the construc- 
tion; falsework and formwork, concreting 
schedule for the various parts, assembly of 
wire units and their installation and stressing. 
A short conclusion discusses the deformation 
of the continuous deck. 

The outstanding feature of this paper is the 
description of the vertical transverse crack 
which occurred during construction at about 
10 ft from the centerline of the river pile. 
This crack progressively increased, within a 
week, to a final width of about 14 in. at the 
top of the box-girder and remained almost 
imperceptible at the bottom. The bridge 
was literally broken in two parts, one part 
having rotated about a generatrix of the 
soffit. 

Its causes were the tensile stresses set up 
in the concrete in one of the spans before 
prestressing and were due to (1) settlement 
of the falsework because of dehydration and 
compression of the wood in the temporary 
wooden pile bent supporting the steel girders, 
(2) deflection of the steel girders carrying 
the formwork above the channel opening and 
compression of the wooden wedges placed 
in between and (3) restraint of the shrinkage 
of the top slab. 

The author elaborates on what, thanks to 
prestressing, was a harmless crack which 
gradually closed almost completely as the 
prestressing progressed. In his conclusion 
he points out the perfect behavior of this 
impressive structure when it was tested for 
static and dynamic loads before its dedication 
earlier this year. 


Elementary stress analysis 
Putturr E. Sonrson, Pitman Publishing Co., New 
York, 1949, 351 pp. $5.00 
Reviewed by A. A. TopractsoGLou 
This attractive and well organized book 
is an excellent textbook for a one semester 
course in determinate structures. The se- 
quence followed and the clear presentation 
of the material makes the subjects easy to 
follow. Throughout the book the funda- 
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mental principles of statics are emphasized 
as they are applied in the analysis of bridge 
and building structures. 

A great number of illustrative examples are 
given in each chapter with part of the theory 
being explained in these examples. Numerous 
problems, similar to those met in practice, 
are given at the end of each chapter for assign- 
ment to students. In general the book lends 
itself readily to teaching. 

In the first three chapters a thorough re- 
view is given on forces, reactions, and mo- 
ment and shear diagrams. Several analytical 
and a graphical method for various types of 
trusses are presented in Chapter IV. 

Wind forces are treated in an excellent 
detailed way. The material covered is more 
than what is needed for a course on determi- 
nate structures. The wind pressures on 
different types of roofs and other structures 
are analyzed. References on wind forces 
are listed at the end of the chapter. 

The treatment of mill buildings is very 
satisfactory. Although the graphics given 
is sufficient it has been spread out in the 
various chapters thus making it somewhat 
difficult for the beginner to grasp once and 
for all this important subject. 

Highway bridges follow an introductory 
chapter on moving loads and influence lines. 
Railway bridges are treated next. At the 
end of the last two chapters the author gives 
the latest specifications. The book ends with 
a short chapter on deflection of trusses. 


Reinforced concrete construction (Der Stahl- 

betonbau) 

tupOLPH SALIGER, F. 

edition, 644 pp. $15.18 
Reviewed by Rupourn Fiscui 


Deuticke, Vienna, 1949, 7th 


This standard textbook by the interna- 
tionally. known Professor Saliger of the 
Technical University in Vienna, has kept 
pace since its first appearance with the newest 
development in reinforced concrete construc- 
tion. 

During the 16 years which have passed 
since the previous edition, many new ways 
have been found which made it necessary 
to rewrite most of the chapters of the book. 

Special attention has been paid to the 
results of modern research such as the shape 
of the aggregates, water-cement ratio, creep- 
ing, buckling and flexibility of concrete, steel 
with high yield point, prestressed reinforcing 


268 
and other topics. A new theory, covering 
the appearance of cracks in tension members 
The theory of 
and its practical 


and beams, is presented. 
plastic range is developed 
application is shown. 

The extensive subject is divided into four 
The first material. 
Starting with the history of 


parts. part treats the 
reinforced con- 
crete, it discusses further the manufacture, 
properties, strength and deformation of the 
basic shapes, 


material, the reinforcement, 


safety against rust and fireproofing. 

The second part deals with axial stresses, 
bending within elastic limits, resistance of the 
tension and compression zone, dimensioning 
for bending, eccentric compression and ten- 
sion forces, shear resistance, bond and torsion. 

The third 


two-way slabs, flat slabs, frames, Vierendeel 


part treats continuous beams, 
trusses, bins, arches, cupolas, thin shells and 
other constructions. 

The fourth 
and 
140 tables supporting the text make this an 
well 


part contains specifications 


numerous references. 700 figures and 


outstanding textbook for students as 


as an up-to-date reference book for the 
practicing engineer. 

It may be mentioned that the publisher 
did an excellent job, too. Paper, print and 
binding are of the best quality, thus giving 
the book a distinguished appearance. 


Distribution of deformation (A new method of 
structural analysis) 


C. V. Kiovucek, Prague, 1949, 510 pp 


Reviewed by Dovcias M’ Henny 

This work, which is apparently available 
in the English translation only in a limited 
edition, is a valuable contribution to engi- 
neering literature. Although the translation 
is above average in clarity, the term “defor- 
mation” is well chosen; 
The 


concept of distribution of angular rotations, 


perhaps not too 
it refers to angular rotation of joints. 


based upon slope-deflection equations, is by 


no means new in American literature. How- 


ever, it appears that Mr. Kloucek has given 


more thought than has any other exponent of 
the method toward converting a rather ob- 
vious but somewhat unwieldly concept into 
an equally obvious but reasonably workable 
rather 


computation scheme. It 


strange to the 


seems 
that 
analysis methods which are based upon dis- 


reviewer structural 


placements or deformations (rotations) have 
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not “caught on” when they have been placed 
with which deal 


functions of 


in competition methods 


with moments or with certain 
the stress components, since displacement 
relationships usually involve fewer unknowns 
and are often easier to visualize. The trans- 
lator states that the method is being taught 
in a number of European universities, and 
that 


ample, Professor Kleinlogel) consider it the 


several European specialists (for ex- 
quickest known solution for complex problems. 

The author’s method is not iterative, non 
does it involve the solution of simultaneous 


equations (except in certain incidental 
features); rather, the effect of releasing suc- 
cessive joints is represented by a continuous 
fraction, -and the computer may evaluate 
the complete fraction or he may interrupt it 
after one or more terms, depending upon the 
structural conditions and the degree of 
accuracy required. 

In Part I of the 510-page work, cases are 
treated in which the joints are not displaced 
from their initial locations, but are subjected 
The 
continuous beams, continuous frames, closed 
The treat- 


ment is straight-forward and can be followed 


only to rotations. treatment covers 


frames, and multi-story frames. 


readily by any designer, even though it con- 
tains 654 numbered equations. Approxima- 
tions which are introduced to simplify the 
computations follow directly from the gen- 
eralized equations, and permit the user. to 
select a degree of approximation which fits 
the requirements of the problem. Part II 
deals with cases in which joint displacements 
must be considered, and naturally it is some- 
what more involved than Part I. The more 
complex of these cases may be simplified by 
concepts which appear to be new, and which 
may be of some value aside from their appli- 
cation in the deformation distribution method. 
Many examples are included of all phases 
which are treated by the author, including a 
fully worked example of a 25-story frame with 
sidesway. 

The book is well printed and appears to 
contain few typographical errors. Although 
that the 
possesses considerable merit, it is doubtful 


it seems to the reviewer method 
that it will be widely accepted in this coun- 
try, where other systems are so well estab- 
lished, unless our educators should see fit 
to include it in college curricula. 





